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INTRODUCTION TO FUNDAMENTAL 
eh » CONCEPTS OF CHEMISTRY 


~ COURSE CONTENT 


© Atomic Mass 

° Empirical 

° Molecular formulae 

° Concept of mole 

e Construction of mole ratios as conversion factors in stoichiometry calculations. 
6 Avogadro’s number 

r) Important assumptions of stoichiometric calculations 

° Stoichiometry 

e Limiting reactant 

° Percentage yield 


Atom 


The smallest particle of an elementawhich ean take part in the chemical reaction is called 
an atom. 

May exist independently 

Monoatomic gases 

Helium (He), Neon (Ne) and Argon (Ar) 

May not exist independently 

Hydrogen (H), Oxygen (O) and Nitrogen (N) 


Atom is made uip of more than 100 sub-atomic particles e.g. 


Electron 
Proton fundamental 
Neutron sub-atomic 
Hypron 

“Neutrino 
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No Fixed composition 


Mixtures 


Fixed composition 


Pure Substances 


Ait, Milk, Soil 
Elements can’t be Can be Uniform awe Non-Uniform 
broken down broken down Composition Composition 


Elements Hetrogenous 


Homogenous 


Particle size 
<Inm 


|True Solutions 


HO, H,SO, 


1-100nm >100in 


Colloids Suspensions 
Milk, Jell Sulpher in water, Paint 


Metalloids 


ION 
The charged species which are formed by the loss or gain of one or more electrons are called 
ions. , : , 

Types of ions 


Cation is formed by the loss of one or 
1 | More electrons as a result of oxidations 
A oxidation >At+e7 


Anions\is formed by the gain of one or more 
electrons as a result of reduction. 


B a reduction Bo 


Formation of cation Formation of uni-negative ion is exothermic 


but formation of all other negative ions is 
endothermic. 


Molecular Ion _ y * 7 
, The charged molecular Species formed by the loss or gain of electron are called molecular. 
ions. a | 
Types of molecular ion” ws 
(a) — Cationic molecular ion CH; ,CO*,N? 
(b) = Anionic molecular ion (CH,), C502" 05" 


Numberioficationic molecular ions ar i ioni lar ions 
Isotorneall Hoge : ns ? e greater than the number of anionic molecular ions. 
Atoms of the same element having different mass numb 
concept of isotopy was introduced by Soddy. | 
Occurrénce 
Elements occur in the nat 
here. = 


er are called isotopes. The 


ure in the form of isotopes. Occurrence of isotopes has been shown 


KETS - PREP BOOK rel ae ) 2. a 


a 


“OO radioactive icvarnes ars : : 
- - ~ -— . . ‘ i 
et SEMAINE ISOTORSS 8 produced 
: : 
—a ae ape: 
Ys a eee 
a — i ee CRU RCEIN eas 


ISOTOPES- 


Natural _ —_ , 
a_i =o ° 4 120 isotopes with Odd 


o—— atomic number and odd 
Mass NUN 
(S54 isonpes With 


—— even atone huamnber 
andLeven nvass 


aw) -*\ 8 Meo: 


€ } > ’ ie 7 re - > Na . pont 
CMs MB. Ct. Ca. J Fe form nearly 50% of the eg@iRTtst, 
Similanties and dissimilarities in isotopes of elements 


+ 


Dissimilarities 


& Atomic numMoOdexr 

a Ren e Mass umber 
® Numi Ty O11 rr rT. ~ 
‘Relate ef citewen e = Nuaiber of Netitfons 


bee ee .: e Physical properties 
e Electron configuration ss 
a eee —¢ Mall Tite 
® raosiipon in perrodic tapic R f ‘ 
= a. e Mie Of rewcuon 
_@ Chemical properties = «Ct 
Classification of elements on the basis of isotopes 


Basis Examples 


: } 2 | ~ } 
« Mono-1sotopi (1) clements | F. 1, As, Au, Na 
Dr > a» eet SS 
Di-3 cc iljel 31, Cl, Br 
e Di-isotepic (2) elements Bi, Cl, Br 


e Tri-isotepic (3) elements | Ne, C, H, O. N 
re ee —_ een ee ee TS SS —EE 
* 


e Tetra-isotopic (4) element - S oo 
L —_—— — 4 
.e Penta-isotopic (5) eleme ; | Ni 
ee = ~ a a — ~ . 
e Hexa-isotopic (6) clemigets Ca, Pd 
t —— oe Q' . ae) ' Cd 
e Nano-isotopic (9) én N i 
LS ee — ER, Lee ee ee ee ee 


-e Undeca-isotopic M1) element 
-e) 6 Hexdeca-isotopte (N6) element 


RELATIVE MASSES 
© Relati#e mags isah®mass of a given substance scaled with carbon-12. 
© C-17 4s Sed ag standard in this scale because 
is ht able isotope. 
S SE at in ae numbers i.e. 12.000 
3. lgean be handled easily. 
RELATIVE ATOMIC MASS 
The mass of an atom of an element as compared to the mass of an atom of carbon-12 


Afomic mass unit 
The unit used to express the re 


is = of the mass of one atom of C-12 
12 _ 
| amu = 1.661*10~' kg 
= 1.661*10~"g 
ee 
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lative atomic mass is called atomic mass unit (amu) and it 
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(i) Chlorine CRITICAL CONCEPT! 


7 ; 
Isotopes Cl Cl Isobar: Two species having same atomic mass 
Relative abundance 75% ike but different atomic number. e. g Col4 Ni 
Relative isotopic mass; Cl = 35 amu Isotone: Two species having same number of 

RELATIVE MOLECULAR MASS neutrons 

The mass of a molecule as compared to e.g Co!4, Os!® both have 8 neutronsiy 
the mass of an atom of carbon-12 
Relative molecular mass of water is 18 


amu 
Relative molecular mass of carbon dioxide is 44 amu 


RELATIVE FORMULA MASS | 
The mass of a formula unit as compared to the mass of an atom of €arbon-12 
Relative formula mass of NaCl is 58.5 amu 
Relative formula mass of Na2SOuq is 142 amu 


CRITICAL THINKING Q | 


— ys pl z2-A 


- Iso electronic species possess 
A. Same number of proton B. Same number of electron 
C. Same number of neutron D: Both,a and c 
Which of the following is isotonic pair 7 . 
A. Og!®, Fo!9 B. Os!°, Fo!? 
C. Og!®, N7!4 Bem, '® Co !4 


MOLE AND AVOGADRO’S NUMBER. 


MOLE as 
The relative atomic mass of an element, relative molecular mass of covalent compound or 
relative formula mass of ionic compound or ionic specie expressed in grams is called mole. 
It.is detonated by ‘n’ and@bbreviated as ‘mol’. 


Examples: —__ 

1 mole of Na = 23.0g of sodium (One-gram atom of Na) 

I mole of H20_ =18.0g of water (One-gram molecule of H20) 

1 mole of NaCl 4 = 58.5g of sodium chloride (One-gram formula of NaCl) 

| mole of SO? = 96g of sulphate ion (One-gram formula unit mass of SO? ) 


Determination of Mole 
There are three main methods to determine number of moles of a substance. - 
(i) When mass of substance is given in grams 


Mass in grams of given substance 


{ ___ Relative atomic mass/molecular mass/formula mass 
(ii) For a certain number of particles (atoms, ions or molecules) | 


Wilber of moles of a substance = Number of particles of the given substance 
; 6.02210” (Avogadro's number of particles) 
(iti) For volume of a given gas in dm? at STP. - ae 
} } Volume of the gas in dm? at STP 
22.414dm>. 


KETS - PREP BOOK : ? Tee ae oR 


¢ Number Of\moles of substance= 


Number of moles of gas = 
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6.022 * 10 | 6.022 x 10 
Atoms 


Particles 6.022 x 1073 6.022 x 1073 


Molecules Formula Units Ions 4 


Gram formula mass 
One f the ioni i saree eretr 
ole Gram Gram molecular oF the lonic Gram ionic 
Mass atomic Hace mass of the compound formula | mass of the 
: 1 . . . 
of element molecular unit ionie specie 
substance | 


At STP (ideal gas) = 22.4 dm? and at RTP = 24.0 dni? 
AVOGADRO’S NUMBER or CONSTANT (Na) : 


It is the number of particles (atoms, ions or molecules) present ingone mole of a 
substance. It is denoted by Na. Its value is 6.022*1023, ; 


Examples ; 
23g Na = 1 mole = 6.022 1073 atoms 
18.0g H2O = 1 mole = 6.022x 10? molecules 
58.52 NaCl = 1 mole = 6.022%] 073 formula units 
96g SOP = Imole = 6.02210? ions 

V 


EMPIRICAL AND. MOLECU LAR FORMULAE 
Empirical Formula: 


A formula which represents the simplest whole number ratio of atoms of elements in a compound is 


lled empirical formula. | ae oa | 
aaiples: NaClyCH20, CH are empirical formula of sodium chloride, glucose and 
benzeneirespectively. . a ia. - 
Steps to determine empirical formula: | 7 aot “ 
Empiricél formula of a compound can be calculated by fhe oe the steps: 
inati i ition of each element. .- 
i) Determination of the percentage composition 0 h ¢ Ss 
i Finding the number of gram atoms (mole) of each element. For this purpose divide | 
the %age of an element by its relative atomic mass. | 
(iii) nee inaion of the atomic ratio of each element by dividing gram atoms or mole 
by the smallest number of moles. to ae a 
(iv) i the atomic ratio is in simple whole number, It gives the empirical seu 
otherwise multiply with a suitable digit to get the whole number atomic ratio. 
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COMBUSTION ANALYSIS 
The sequence of combustion analysis is shown in the following diagram. 


Sample of compound containing 


C, H and oxygen 


CO, absorber Excess of oxygen 


H,O absorber 


Mg (CIO), 50% KOH 
By combustion analysis only those organic compounds can be analyzed which simply 
contain carbon, hydrogen and oxygen. 

From the masses, percentages are calculated by using the following formulae 

Mass of CO, obtained in experiment » 12 
ee eee 


(i) Y%ageof Carbon = - —*x100 
Mass of organiccompound 44 
ned in eynerimenMae 
(ii) %ageof Hydrogen = Mass of H,O poral inexperiment | 2.016 400 
) Mass of organic compound 18.0 
(ili) Yage of oxygen = 100-—(% of carbon + % of hydrogen) 


Example 
A sample of liquid consisting of carbon, hydrogen and oxygen was subjected to 
combustion analysis. 0.5439 ¢ of the compound gaves1.039 g of CO2, 0.6369 g of 
H20. Determine the empirical formula of th@compound. 
Element | No.ofgram || Atomic Empirical 
; | atoms ratio formula 


0392 12. ? 
‘ 039g 12.00 95> roe 52.108 | 5, 4.34 _, 
0.5439¢ 44.00 12 2.17 
0.63692 2.016 13.115 13.01 
ee 100=13.115 =13.01 ag 
on | 0.54392 18 7.008 2.17 eee 
100-(52.108+13.115) =$4.77 aL onl 
| 16.00 2.17 


DIFFERENCE BETWEEN EMPIRICAL AND MOLECULAR FORMULA 
Empirical formula | Molecular formula 

A formula which represents the simplest | A formula which represents actual number of 

Whole number ratio’of atoms offelements ina| atoms of each element in a molecular 

compound is calléd empirical formula. compound is called molecular formula. 

It is obtained! from/%age composition of | It is obtained by multiplying ‘n’ with empirical 

elements i.¢. chemical/analysis formula i.e. from empirical formula 


3 This term is used for both molecular and | This term is used only for molecular 
ionic compounds compounds 
ExamplesimNaCl, CHO, CH are Examples: CeH1206 and CoH are molecular 


empirical formula of sodium chloride, | formulae of glucose and benzene 
glucose“and benzene respectively. respectively. 


Relationship between empirical and molecular formula 
Molecular formula = n x Empirical formula 
M.F. = n(E.F) 


or ionic compounds and iant covalent structures 
. It is also used for covalent compounds as CHO for 


glucose and acetic acid. 
KETS ~ PREP BOOK oo 6 


. Topic-1 


CONSTRUCTION OF MOLE 10S S65 TRS (ACTORS 
<TOICHIOMETRIC GAITGIEATIGRIN [OS AS” “CONVERSION FACTORS 
MOLE RATIOS: 

Mole ratios mean the ratios of number of moles of reactants taking part and the number 

of moles of product formed. 

Example: 

Combustion of propane 

CsHgyy +50, —> 3COx) + 4H,0;,) 

The mole ratios between the reactants and products can be showh as) one mole of 

propane reacts with five moles of oxygen to produce three moles 6f carbonioxide and 

four moles of water. 
CONVERSION FACTOR: 

A ratio of co-efficients found in a balanced chemical equation, which can be used to 

interconvert the amount of any two participants (réactants on product) in called 

conversation factor. 

Conversion Factor = Mole ratio of reactant¢ in balanced chemical equation 
moles of the reactantito becaloulated 

moles of the other reactant 


STOICHIOMETRIC CALCULATIONS 
Stoichiometry is a branch of chemistry, which tells us the quantitati 
between reactants and products in a balanced chemical equation. 

CHEMICAL EQUATION 
Chemical equation is the statement that describes a chemical reaction in term of symbols 
and chemical formulae. 

Limitation of balanced chemical equations 

They do not tell about the 

(i) Conditions (temperature and pressure) 

(ii) Rate of reaction | 

(iii)Physical state of reactants and products 

(iv) Mechanism of reaction 

(v) Feasibility offeaction - 

Conditions for stoichiometric calculations | 
Stoichiometric calculations are based on the following conditions: - 
(i) All the reactants must be completely converted into the products. 


(ii) Therside reaction must not occur. | | 
(iii) The law of conservation of mass and the law of definite proportions must be obeyed 


while doing the calculations. | 
The following types of relationship can be studied with the help of a balanced — 


chemical equation at S,T.P 
Or.) — 2H0%) AH = -482 kJ 


ve relationship 


2H) + 
2 moles 1 mole 2 moles 
4g 32g 36g 5 
 44,828dm° 22.414dm? 44,828dm 
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(i) Mass-mass relationship 
If we are given the mass of one substance, we can calculate the mass. of the other 
substance, 
(ii) | Mass-mole relationship or mole-mass relationship 
If we are given the mass of one substance, we can calculate the moles of other substance 
and vice versa. 
(iii) | Mass-volume relationship : , 
If we are given the mass of one substance, we can calculate thesvolume of the other 
substances and vice versa. 
(iv) Mole-mole relationship 
If we are given the mole of one substance, we can calculatedthe(mole of the other 
substances and vice versa. | | 

MOLAR VOLUME: | | | 
One mole of any gas at S.T_P (standard temperature and pressure) occupies a volume of 
22.414dm°. This volume is called molar volume. : ; | 
Mass of a gas can be converted into its volume, at §.T,P (0°C, latm) and vice versa. Its 
mean molar.volume of gases is also related with their density at S.T.P © 
l€ 22.414 dm? of any gas at S.T.P 4] mole= 6.02 x1073 molecules. 


Example: _- _ ey a, : 
22.414 dm? of Ho gas at SIT.P\ = 2g =Imole. =6.02 x1073 molecules 
22.414 dm? of NH gasatS.T.P ) =17g=Imole =6.02 x 1073 molecules 
Formula: ore — eT y octe: 
Volume ofia gas = moles x 22.414 dm3 
Volume ofoxygen> = -™assingrams x 22.4 dm3 
eg ’ a molecular mass | 
LIMITING REACTANT 


Limiting reaétant(is’a reactant that controls 
chemical feaction due to being less than t 
follows: 


the amount of the products formed ‘in a 
he required amount. It can also be defined as 


mber of moles of product. 


Product formed from the given moles of each 
reactant. | | 


(iii) Identify the reactant as limiting reactant which produces least moles of the product. 
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YIELD: 
The amount of the product obtained as a result of the chemical reaction is called yield. 
Types of yield 
(a) Theoretical yield 
The amount of the product calculated from the balanced chemical equation is called the 
theoretical vield. 
(b) Actual yield / Experimental yield 
The amount of the product obtained in a chemical reaction experimentally is called actual yield. 
(c) Percentage yield 
Actual yield 


% Yield =————___—_ 
Theoretical yield 


NOTE: Actual yield is always less than theoretical yield. 
Reasons 
(i) A practically inexperienced worker has many shortcomings and cannot get the expected 
yield. 7 
(ii) The processes like filtration, crystallization ete if hot properly carried out, decrease the 
actual yield. 


(iii) Some of the reactants might take part in a competing side reaction and reduce the 
amount of the desired product. 
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COURSE CONTENTS — | . 


e Concept of orbitals 

e Electronic configuration 

o Discovery and properties of proton (positive rays) 
e Quantum numbers 


° Shapes of orbitals 


DISCOVERY OF POSITIVE RAYS 


In 1886, German physicist, Posive fays bing, Cathode fe S 
; ; Produced as a resu 
Eugene Goldstein discovered of ionization of cathode 
gas molecules 


protons or positive rays or 
canal rays. 

Apparatus: 
A discharge tube provided with a 


2h Glow produced 
L by positive rays 


cathode having extremely fine 


ee To vacuum 
holes in it. - pump 


Procedure: 
When a large potential difference@vis applied between electrodes, it is observed that while 
cathode rays are traveling away from cathode, there are other rays produced at the same 
time moving towards,cathode. These are called Positive rays, They are also called canal 
rays since they pass through the canals or holes in cathode. 
Reason for production: 
When highspeed cathode rays strike the residual gas molecules, they knock out electrons 
from them and positive ions are produced. 

M + le —5Mt4¢- 


Observation: 


These tays after Passing through the perforated cathode produce a reddish glow on the 
Opposite wall. 
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_ Atomic Structure 


PROPERTIES OF POSITIVE RAYS 


production oan 
They are produced when electric current is passed through gas at low pressure 


Charge 
Have positive charge as deflected towards negative pole of electric field. 


Move in straight line. 


e/m ratio 

Smaller than electron 

Depends upon the gas filled in tube. 

Highest value was obtained when H? gas was filled. 
Penetration power Is very om sti<“‘<=‘=*s*s*s*s*S*S*sSs; 
They can ionize gases. 


They produce shadow of an opaque object. 
They were named canal rays because they travel through perforated cathode electrodes 


KEEP IN MIND 


Neutron 


Neutral 


Gharge -1.6022 10°C 
Me [sense [10 
a | Bo carve mess a one 1336 times 1840 times 

4) | _ Relative charge emer se Oa NS 
ise ee 


Atomic Structure 


a 


mle = 5.686210" kyl 


- 1,6022x 10°C 


Mass of electron = -—————____—__ 
1.7588x10"'C/kg 


Mass of © = 5.686%10°7 koC x | G02 Wg 


| Mass of electron = 9.1095210 ky 
PLANCK’S QUANTUM THEORY. 
In 1900 Max Planck put forward his theory to explain the emission and absofgtion of 
_ radiations. This theory gives the relationship of energy, frequency, wavelength and weve 
number of photon of light. 


_° Energy is emitted or absorbed only in terms of wave packets in a discontinuous manner 
These wave packets are called quanta or photon, 
e _. Energy of photon or quanta E « y, CRIT, ICAL CONCEPT! |— 
E=hv =hc2 =hep Frequencys (y) 
| é Number of waves passing through 2 
Where, point in.one seéond. 


Wavelength (3) 
The distance between two adjacent crests 
or troughs. 

Wave number: (7 ) 

wel he number of waves per unit length. 


h=planks constant= 6.625 10734 Js. 
v = frequency 

c = velocity of light = 3x 108 m/s 

4 = wavelength in A, nm, pm 


CRITICAL THINKING 2 


Q.1_ Incorrect relationship is 
A.Ecy «BB i/h 


C.E« 1/¥ D. All are correct 


v = wave number 


The sets of numerical values, which give the acceptable solution to Schrodinger wave 
equation, are called quantum numbers. 
The quantummnumbers are; 


1-\ Principal quantum number (n) . 

2- \ Azimuthal quantum number (£) | 

3-_ \ Magnetic quantum number (m) 
‘4-— ) Spin quantum number (s) 


Idea of quantum numbers was given by 
Schrodinger in the answer of defects of 
Bohr’s model. 
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Top Atomic Structure 


Principal _ Azimuthal? 
Quantum © Quantum | 
Number 7) Number © 


Magnetic) °° | Spin ~ | Number of 
. Quantum ++ Quantum ‘Electrons in 
Number =) | -Number Shell 


+1/2, -1/2 


+1/2, -1/2 
+1/2, -1/2 


+1/2, -1/2 
-1,0, +1 +1/2, -1/2 
-2,-1,0, +1, +2 +1/2, -1/2 


0 C2 ee? 
-1,0, +1 +1/2, -1/2 
-2,-1,0, +1, +2 +1/2, Ay 
-3, -2,-1, 0, +1, +2, Ft | (2a 2 


Orbital } 
The area around the nucleus, where the probability of finding an electron is maximum is 
called an orbital. 

Sub-shell 


Orbitals 


| s-atomic orbital 


5d-atomic orbitals 
xy, yz, x25 Fy,” di? 


sausage 


Arrangement of sub-shells 


The sub-shellseare arranged in the increasing order of (n+/) value and if any two sub- 
shéllsshave same (n+J) value, then that sub-shell is placed first whose n value is smaller. 


CRITICAL THINKING Q 


mbers were derived from Schrodinger wave equation? 
_B. Three | 
D. Six 


Q.2. How many quantum nu 
A. Two : 


- C, Four 


13 
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Atomic Structure 


CRITICAL CONCEPT! 


The volume of space in which there is 
a 95% chance of finding the-electron 
is called orbital. 


Topic-2 


Shapes of s-orbitals: 
s-orbital is spherical in shape and is 


represented by a circle (out of sphere). 
Higher the value of ‘n’ for s-subshell, 
greater will be its size. 

Example: 2s is larger in size than Is. 
Nodal Surface or Nodal Plane 

The probability of finding of electron is zero between two orbitals. This plane-is called 
Nodal plane or Nodal surface. Nodes 

Shapes of p-orbitals 

Each p-orbital has two lobes in dumb-bell shape. 


These lobes are oriented along © 
p, —— x-axis a 3s 
p, —— y-axis a . 
y y 
Pp, —— z-axis “ 3g — 
The size of p-orbital increases with increase in its“n’ value. 2p-orbital 2p,-orbital 2p orbital 


Example: 

3px orbital is larger in size than 2p, but both have same _ A (i.e. dumb- iia 
Shapes of d-orbitals 

Each d-orbital has four lobes or two dumb-bell in sausage shape. 

These lobes are either oriented along X-axis, Y-axis and Z-axis. 

The size of d-orbital increases with increase in its ‘n’ value. 


- 


ZI 
X- 


y-— ~~? On axes (Dumb-bell with collar) 
x ; 


x ——>On axes (Double Dumb-bell / Clover-leave shape) 


K- 
Az. 2 
| z z 
jm ; ; 
4 x =X — - — 7 | 
4 5 $8 > + ——> Between axis (Double Dumb-bell) 
X- kr xo 
| | | 
ay ay, : az, 
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Topic-2 . | 
Atom Structtre 


| CRITICAL THINKING Q 


Q.3 a of which orbital is different from its other degenerate orbitals. 
. B. px 
= Dd? 


een RONIG CONKIGURATIONIORATOMS/AND IONS (H=> Kr) 
It is listribution of electrons in shells, sub-shells and orbitals of an atom according to 
definite rules. 
The following rules are adopted in order to distribute the electrons in the orbitals of sub- 
shells of shells in an atom. 

_ Aufbau principle 
The electrons should be filled in energy sub shells in order of increasing energy values. 
The electrons are first placed in 
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, Sp, 6s, 4f, 5d, 6p, 7s and so on. 
(n +) rule: used to arrange the sub-shells in increasing energy order. 
This gives us the arrangement of electrons in subshells. 
Subshells are arranged in the increasing order of m+,/ values and if any two subshells 
have the same 1+/ values then the subshell is filled with electrons first whose 'n'value is 


smaller 

It has two parts: 

(a) The electrons are filled in subshells invincreasing order of their (n+ £ ) values. 

(b) If two subshells have same (n+ (values, then the subshell with low ‘n’ value will be 
filled first. 7 
This rule gives us the arrangement of subshells in increasing order of their energy. 


Ascending order of energy ofsubéshells on the basis of (n + /) rule 
1s <2s <2p <3s Aa yy OE? <8 < 4d < Sp < 6s <4f< 5d < Op < 7s 


Pauli’s exclusion principle 


_— > Filling of electrons in orbitals a, Sf x 
Two electronssin the same orbital must have opposite spins. @ @ 
OR | 


two electrons residing in the same orbital of a poly electron atom to 


It is impossible for 
ntum numbers. 


have the same values of four qua 


x 
Hund’s rule . 34 7 | 
___» Filling of electrons n degenerate orbitals o C) 7 
ailable and more than one electron are to 


Ifd ate orbitals are av ; 
be Fed in them, they should be placed in separate orbitals with the @ C) . 
: tting them in the same orbital with opposite 


same spin rather than pu 
Half-filled and completely filled sub-shells, are MOT 
‘stable e.g. 3d sub-shell gf Cr and Cus 


O1Or 
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Electron configuration Notation 


[Ne]3s’3p! 3p 


[Ar] 4s’3d,, 3d), 3d? 30°, 30°, 


rtniom [2 |) Maya 3 sr a8 
x"-y Zz 


Luly 7 7 , 
Ba p2 Fo. or sh ae 


[Ar]4s*3d5, 3d), 341, 3a!,_ 3d}, 


[Ar]4s*3a? 


2 
3d), 3d?, 3d... 3d!, 


[Ar]4s*3d5, 345,342, 32, 342, 
A 2 10 1 0 \ 4 
[ r]4s?3d 4p, 4p, 4p? 
[Ar]4s?34'°4p! 4p! 4p? 
2 10 1 
[Ar]4s?3d!°4p 4p\ 4p 
— [Ar]4s?3a!°4 : 


1 
Selenium 7 
P,4p, 4p 
: 


Krypton 4p; 4p | | 
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i 


ei, ae 
JS 3 
is a 3 

[Ar]4s*3d 4p, 4p; 4p! 

[Ar]4s*3d!? 4p? y 4p? 


° Properties of gases 


° Gas laws 
° Boyle’s law 
e Charles’s law 
° | General gas equation 
° Kinetic molecular theory of gases 
 @ Ideal gases equation 
e Distinguish between Real and ideal gases (Vander Waals equation) 


e The simplest state is gas and complex.one is plasma. 
Gas, liquid and solid states are considered to be phase transition states because they are 


interconvertible into each other at constant temperature. 
e Whereas, plasma state is nota phase transition state bec 


ause it is formed from gaseous 


increasing temperature. 
PROPERTIES OF GASES 


It has definite mass but no definite shape and 
volume ; 


state with continuous! 


General 


Almost negligible 


Molecules have large rotatory, vibratory and 
translatory motion | 


. je 
7é . | Thermal expansion _- 
Compression _ : ar 


Exert pressure on the walls of container 
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Charles’s law Avogadro's hi 


The volume of a The volume of the given | The volume of agiven 
given mass of an ideal | mass of an ideal gas is ideal gas is directly 
gas is inversely directly proportional to proportional to the 
Statement proportional to the the abeoliite temperature | number of:moles at 
applied pressure at at constant pressure SIP. 


constant temperature. 
moana l PV-K or Pi} Vi=P2V2_ | V/T=K or Vi/T1=WV2/T2 V/n=K or Vi/n1=V2/n2 


Graphical 
verification 


Equal volumes of all 
the ideal gases contain 
equal number of 
molecules at same 
temperature and 
pressure. 


The volume of given mass 
of a gas increases or 
decreases by 1/273 of its 
original volume at 0°C for 
every 1°C rise or fall in 
eas at constant 


On heating a cylinder 
filled with gases having a 
moveable piston. The 
volume of gases 
increases. 


On increasing the 
number of moles of a 
gas in a closed 
cylinder. The volume 
increases. 


By putting a weight 
on moveable pistonof 
cylinder filled with 
gas. The volume of 
gas decreases, 


Experimental 
observation 


GENERAL GAS EQUATION 


CRITICAL CONCEPT! 


The pressure of air which can support 760 mm of Hg 
column at sea level is called one atmospheric 


General gas equation 
On combining the 
Boyle’s law, 
Charles’s law and 
Avogadro’s law, 


PV = pressure. 

VW/IT = K l-atm = 76 cm of Hg = 760 mm of Hg 
Vin = K = 760 torr = 14,7 psi 

we get = 101325 Pa ( Nm”) =.] 01325 Bar 


PV =nRT fR is called 
general gas constant) 
This is called an ideal gas 
equation or general gas 
equation. This equation is 


1 m? = 1000 dm3 
1dm? = 1000 cm3 
1dm? = 0.001 m3 
Icm? = 0.001dm?3 
Icom? = 10° m3 


completely obeyed by the 
ideal gases. INm = 1J 
Rearrangement of Ical. = 4.18) 


general gas equation 1J = 0.239 cal 
Boyle’s law 
PY =nRT=K 

nn 
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Gases 


(yt ra amt —T 
wh n“n” and “T” are constant) 


Charles’s law Vv _ oR =K 
T P . 
‘n” and “P” are constant) 


a ial 
(al) 
= 
1 | 4 sy 
My) 


(when “T” and “P™ are constant) 
Ideal gas constant (R) 
The value of R depends upon the units chosen for pressure, volume and temperature. It is 
independent of the nature of gas. | 
The value of “R” can be derived by using general gas equation. 
PV= nRT 
R = PV/nT 
Units of R 
When P is in atm and V in dm? 
R = 0.0821 dm? atm K"! mol"! 
When P is in mm Hg or torr and V in dm? or cm, 
R = 62.4 dm? mm Hg K"! mol! 
R = 62400 cm? torr K! mol’! 
When P is in Nm” and V in m? (SI units) 
R = 8.314NmK"! mol’ 
R = 8.314 JK? mol! 
R = 1.987 calK*' mol 


Formula for density of gas 
PM 

d=——_ 

RT 

Where, 


d = Density of idealgas P = Pressure of gas 


T = Absolute temperature 
proportional to pressure and molar mass and 


: i is 
The smallest unit of measuring energy ee 


A.J D. N.m 

C. Cal | 

0.1 atm is equal fo B. 1.47 psi 
A. bot me D. 101325 pa 
c. mmng 
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Name of Scientist | Contribution 
Bernoulli Founder of KMT 
Derived Kinetic equation and deduced all the gas laws from KMT | 


Presented the law of distribution of velocities 
Studied the distribution of energies among the molecules | 
Corrected the pressure and volume factors in ideal gas equatiOmito.make | 
Van der Waal : 
it applicable to the real gases. | 


POSTULATES OF KINETIC MOLECULAR THEORY 


(1) ~ Every gas consists of large number of very small particles called molecules. 
Gases like He, Ne, Ar have mono-atomic molecules. 
(ii) The molecules of gas move haphazardly, colliding among themselves and with 


the walls of container changing their directions. _ 

(iii) - The pressure exerted by the gas molecules is due to the collision ofits molecules with 
the walls of container. The collisions among the molectlles are pérfectly elastic. 

(iv) The molecules of the gases are widely separated from one another and there are 
sufficient empty spaces among them. 


‘(v) —_ The molecules of the gases have no forces of attraction for each other 
(vi) The actual volume of molecules of a gases negligible as compared to the volume 
occupied by the gas. . 


(vii) The motion imparted to the molecules by. gravity is negligible as compared to the 
_ effect of the continued collisions betweemthem 
(viii) The average kinetic energy of thégas molecules varies directly as the absolute 
temperature of the gas fe 
Clausius kinetic energy equation 


PV = sme (c’ is called mean,square velocity) — 


CRITICAL CONCEPT! 


Cis of a helium atom at room 
‘temperature is calculated by using 


Relationship between the absolute 
temperature and velocitiés of.gas molecules 
According to Maxwell distribution law of 


velocities | | ree a 
| ¢ Root mean square velocity (Céns) = par M = 4x103 aoe 
Conclusions _ 


° In gases and liquids, temperature is the measure of average translational Kinetic energy of 
the molecules | 
In solids; temperature is the measure of average vibrational kinetic energies of molecules. 


The average translational kinetic energy of gas molecules is directly proportional to the 
Kelvinitemperature of a gas i.e. 


oe Ex oc T ; | 
° When heat flows from one body to another, the molecules in the hotter body give up 
some of their kinetic energy through collisions to the molecules in the colder body. 


CRITICAL THINKING 9 


Q.3 


The gas with minimum speed at room temperature is 
A, He —=&B. Ne 


C. H2 D. F2 


KINETIC INTERPRETATION OF TEMPE 
(i) Derivation 


RATURE 


3RT 
2N, 


eS 


Ex « T (since nee constant) 
2 Ny 

(ii) Idea of heat flow: 
When heat flows from a body at high 
temperature to a body at low temperature, 
molecules in the hotter body give up some of 
their kinetic energy to molecules of colder 
body through collisions. 
(iii) Temperature of gases and liquids: 
Temperature is measure of average 
translational kinetic energies of molecules. 
(iv) Temperature of solids: 
Temperature is measure of average 
vibrational kinetic energy of molecules 
because solid molecules show only vibrational motion. 
(v) Absolute zero: 
Temperature at which molecular motion ceases; 


CRITICAL THINKING 2 


Q.4 Which of the following temperature can never exist 
A.-1°C B. —1°F 
C.-IK D. All of these 


CRITICAL CONCEPT! 


Absolute zero 

The temperature at which motion of 
molecules ceases. 

OK = -273416°C =-459°F 

The absolute temperature is 
unattainable and the current attempts 
resulted in temperature as low as 10°K 


DISTINGUISH BETWEEN REAL AND IDEAL GASES | 
Comparative study of real and ideal gases 


They donot obey the gas laws under all 
condition of T and P. 

They do possess some volume that is not 
negligible under highly compressed state. 


Ideal gas obeys the gas laws strictly under all T 
and P. 

Their actual volume is negligible as compared 
to the volume of container. 
There are no intermolecular attraction 
| Tepulsions. a 
The molecules of an ideal gas undergo elastic 
collisions. Oia: 


| There exist negligible forces of attraction or 
repulsion under ordinary conditions. _ 


The molecules of a real gas undergo inelastic 


collisions. 
They can be liquefied at critical femperature 


s or 


They can not be Biquefied. by applying critical pressure. _ 
Non- Ideal Behavior of Gases 
. PV epi: 
° Ifa graph is plotted between pressure on X-axIs and the sr aac factor or Z) 


on y-axis for an ideal gas, a straight line parallel to the pressure axis is obtained. 


Rs ee 
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: = t is no more parallel to the pressure axis. 
e For real gases (non- ideal gases), the graph lore par 9) 


& et abt ae BDz 1 


P (are) 


At high temperature under low pressure, the graph for real gasesscome closer to the 
expected straight line. 


e IfZ=1 then line would be parallel to x-axis. 


e IfZ <1 then the line obtained will below the line of ideal gas which means that there is 
larger decrease in volume of the gas than predicted by general gasvéquation due to the 
appearance of attractive forces present among the molecailes. 

¢ IfZ> 1 then the line obtained will be above the liné of an ideal gas which means that 
there is less decrease in the volume of the gas than/predicted by the general gas equation 
due to appearance of repulsive forces present among themolecules 
Conclusion 
(i) Gases are ideal at low pressure and non-ideal at high.pressure. 

(ii) Gases are ideal at high temperature and non-ideal at low temperature. 

Causes of deviation of real gases front ideal behavior 

The real gases deviate from ideal behavior due to two faulty assumptions of KMT of gases. 

These are; 

(i) The volume of the gas molecules themiselves is negligible as compared to the total gas volume. 

(ii) There are no attractive forées among the molecules of a gas. 

CONDITIONS NECESSARY FOR GASES TO APPROACH IDEAL BEHAVIOUR 

(i) Gases behave ideally at high temperature. Because under these conditions, gases have 
high kinetic energy, That is the reason why the forces between them are weaker and 
each gas molecules behave almost independently and hence become ideally. 

(ii) Gases behave ideally at low pressure. Because under these conditions, gases have great 
distances between) themé That is the reason Why the forces between them are weaker 
and each gas molecules behave almost independently and hence become ideally. 

VAN DER-WAALS EQUATION FOR REAL GASES 

The real gases deviate from ideal behavior due to two faulty assumptions of KMT of gases, 

These are; 

(i) The volume ofthe gas molecules themselves is negligible as compared to the total gas volume. 
(ii) | There arenoaattractive forces among the molecules of a gas. 

Experimental observation and volume correction 

When gas is highly compressed then the whole volume of the container is not available 

to molecules because of their actual volume together with their effective volume which is 

not negligible under this condition. So we have to exclude this volume. 

Actual volume of one mole of gas molecule = Vn 

Effective volume of one mole of gas molecules = b 

| b=4V,, 
so, . 
Vitee = Veesd — b 
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Gases 


Microscopic study of gas and pressure correction 


When pressure on the gas is increased and its 
temperature is decreased the molecules come 
close to each other which results in the 
appearance of attractive forces among gas 
molecules. 

A molecule in the interior of a gas is attracted 
by the other molecules on all sides so these 
attractive forces are cancelled out. However, 
when a molecule strikes the wall of the 


CRITICAL CONCEPTS 


For real gases, it is observed that 
molecules occupy only 0.05%mof the total 
volume at STP, but at 500 atm and 0°C; 
the volume occupied by gas molecules 1s 
20% of the total volume. 

Molecules attract oneanother at 
distances up to about 10 molecular 
diameters. 


container, it experiences a force of attraction 
towards the other molecules in the gas. This 
decreases the force of its impact on the wall. This results a decrease in~pressure denoted 
by P’. so the observed pressure Is less than the ideal pressure Pj byjan amount P’. 
P=Pj-P' 
Pj=P +P’ 


CRITICAL THINKING QD 


The volume of real gas will change if “P” increases upto 500atm and temperature 


decrease upto 0°C 
A. Volume increases by 0.05% 
C. Volume increases 20% 


B. Volume decreases by 0.05% 
D. Vol decreases 20% 


Mathematical Representation 
Both these corrections can be represented mathematically by the modification of the 


general gas equation calledthe van der/Waals equation. 


e The increase in V causedéby the effect of molecular volume is corrected by subtracting an 
amount nb from the observed volume. 1.e. 
V-nb 
e The change in pressure caused by the effect of intermolecular attractions is best corrected 


by adding an amount an’/v7to the pressure. 


a Correction for intermolecular attraction ' 


Correction for molecular volume 


Van der Waal’s caution [ Ge (V-nb) =nRT 
For “moles of gas 2 ae, 

n earner alle 

y e V-nb V’ 


For one mole of gs © P =(RT/V-b)-a/V? 

Here “a” and “b” are called Van der Waals constant. 
‘Units of (a) 

(i) = Nm* mol? (S.I Units) 

(ii) | atm dm® mol? (other common units) 
Units of (b) 

. (i) . mmol" (S.I Units) 
(ii) dm? mot"! (other common units) 
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e Properties of liquids 
@ Intermolecular forces 


e Hydrogen bonding 


® Evaporation. 

e Vapour pressure 

e - Boiling point and external pressure 
e@ ‘Anomalous behavior of water 


e = Liqu ediate state\between the gaseous and the solid state 

e In liquids the molecules of the matter are held together by strong intermolecular forces in 
comparison to those in gases. —_ | 

¢ On the bases of kinetic molecular model) ithe liquids state is described as follow: 

(i) _ A liquid is composed ofsmalll molecules 7 

(ii) The molecules of the liquids or held closer by some kind of intermolecular forces. 

(iii) The intermolecularforces are not very strong and thus the molecule is always in 

; constant random motion. 

(iv) The average kinetic energy of molecules of a liquid is direct] 


their absolute tem erature. 


Y proportional to | 


It has definite mass and volume but no definite shape 


Low values of motions 

Less closely packed © 
igher than solids 

Higher than solids 


a aa Intermixing , 


uss _ | Pressure 
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Intramolecular Forces 
The forces, which are present within the molecules, are called intramolecular forces 
Examples | 

« Covalent bond 

« lonic bond 

e Co-ordinate covalent bond etc. 
These forces are stronger as compared to intermolecular forces related to 
properties only. 

Intermolecular Forces 
The forces present among the molecules are called intermolecular 


1. Dipole-dipole forces 
2. lon-dipole forces 
3. Dipole-induced dipole forces 
4, Instantaneous dipole-induced dipole forces (London disp 
§. Hydrogen bonding * 
Intra: Attractive forces within molec cd intramolecular 
forces. 
Inter: Attractive forces betwecaithe molettiles are called intermolecular 
forces. 
Polar Molecules 
e ‘The heteroztomic mg ally polar. 
Examples: -W2SOs etc. 
e Binary compoug Senital atom is from group VA, VIA or 
VIIA are dip 
Examples: . HF ete. 
Non-polar | 
e Mono-afomi vmaatomic molecules are always non-polar 
Examples; B, Cl2, N2 
e Bi « whose central atom is from group HA, WIA or 
ar. They have symmetrical shape. 
BeCle, BHs, CCl ete. are also non-polar. 
, lecular forces are electrostatic in nature and are resulted from the mutual 


ike c i like charges. 
of unlike charges or the mutual repulsion of Ss 
f the physical properties of liquids can be explained on the basis of intermolecular 


ii io fi of attraction produced when the positive end of one molecule 
attracts the negative end of neighbouring molecule are called dipole-dipole forces. 


a5 
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Factors affecting the strength of dipole-dipole forces 

e Electronegativity difference between the bonded atoms 

e Intermolecular distance 

° Tht present in polar molecules. e.g. HCl and CHCls 

e These forces are approximately one percent as effective as a covalent bond. 

e In gaseous phase, the dipole-dipole forces are least. . : 

e Greater the strength of dipole-dipole forces, greater the values of melting point, boilifig 
point, heat of vapourization and heat of sublimation. 
Dipole-Induced Dipole Forces (Debye Forces): 

In the mixture polar and non-polar molecules, the positive 
end of the polar molecule attracts the mobile electrons of 
the nearby non-polar molecule. In this way polarity is 
induced in non-polar molecule, and both molecules become dipoles. These forces are 
called dipole induced dipole forces or as Debye force. 

e Example: Chlorine gas mixed in HC] 

5+ &- 


Bh je 
H—Cl--C]—¢| 


’ Permanent Nom-polar__ Permanent —iiduced 
‘polar molecule molecule . ‘dipole dipole 


: e ei 
Factors affecting the Strength of intermolecular forces 
London ; : , 
dispersign Dipole-dipole Hydrogen 
forces bond 


Polarity created ina non-pol 
molecule undefthe influence 
of a permanent dipole is called y 
induced dipole. a 


Dipole-induced 


lon-dipole force : ' 
dipole foree. 


forces 
>” Size-of the 


> Charge 


> Polarity of 4 Polarity of 


| . > Polarity of 
density of the polar molecule molecules  . molecules molecules 
fon | > Size of the > Collision . > Size of the > Number of 
> polarity of the ‘moleculés frequency molecules utilizable 
. molecule > Collision > Collision lone pairs 
> size of the frequency . frequency 
. molecule | 


RSION FORCES (LDF) 
The short-range forces‘ Of attraction created be 
the opposite end of the induced dipole are ¢ 


tween one end of instantaneous dipole and 
alled instantaneous dipole induced dipole 
Interaction or London Dispersion forces, 


itz London explained these forces in 1930. 


¢ These forces are present in all types of molecules whether polar or non-polar, 


in size hence the 
—188.1°C while that of iodine (solid) is 


( ee ° In hydrocarbon with the increase of c 
"0 the boiling point of ethane (C2H6) is -88 
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CRITICAL THINKING Q 


The type of forces which exist in liquid hydrogen fluoride 
A. Only inter molecular forces B. Only intra molecular forces 


C. Both A&B D. HF does not exist as a liquid 
Which of the following is expected to be a non polar pair of molecules? 
A. SO2 and CO2 B. H2 and CO 

C. CCle and SiCla D. CO and CO> 


Evaporation 


The spontaneous change of a liquid into its vapours is called evaporation and it continues 
at all temperatures. 


‘Example: H,O,, —?H,0,4) AH, 240.7kJ mol" 


e Surface area ofthe liquid 
e Nature of.the liquid 
> Size of the, molecules 
> Shape of the molecules 
balntermolecular forces 
e Temperature 
e External pressure 


CRITICAL CONCEPT! 


e At equilibrium, the’rate of evaporation equals the 

rate of condensation. 

e Evaporation is surface phenomenon while 
boiling is thé property of the bulk of liquid. 

e The maximum vapour pressure developed by a 

liquid is its saturated vapour pressure at that 


temperature. 


Natural phenomenon 
Cooling process 

Continued at all temperature 
Endothermic process 
Surface phenornenon 


CRITICAL THINKING 2 


Q.3  Atits boiling point, which will have maximum vapour pressure? 
A. Water . B. Ethanol 
C. Ether D. All have same 


2 oe ee 
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NNN <POUR PRESSURE 
Vapour Pressure . Peery iene | 
The pressure exerted by the vapours of a liquid in equilibrium with its liquid at a given 


| 


temperature is called vapour pressure. 
Factors affecting vapour pressure 


Name of compoundi 


¢ Intermolecular forces 
¢ Due to weaker intermolecular forces, at 20°C 


vapour pressure of isopentane is more (580 Wace Gk @ 


torr) than glycerol (0.00016 torr) 
O°C. The rate of change of a vapour pressure with temperature can be calculated by Clausius 


e External pressure 
NOTE: Vapour pressure of water is 4.579 torr at 
Clapeyron equation. 


Boiling Point 


e Nature of the liquid 


> Size of the molecules 
» Shape of the molecules 


0.012 
0.00016 


SE OSBOILING POINT 


The temperature at which the vapour pressure jof the liquid becomes equal to external 
pressure is called boiling point. 


Boiling point depends upon external presstire. 


Normal Boiling Points 


Dicthy| Ethyl alcohol 
600] cither (cthanol) 


(2) 700 torr 98°C (Murree 
Hills) 


(3) 323 torr 69°C (Mount 
Everest) 
[Bor 35% 


Vapour ~ pressure temperature curve shows that 
Vapour pressure increases rapidly when the liquids are closer to their 
Factor affecting the boiling points: 

Boiling points of liquids depend upon the following factors. 

> Intermolecular forces ; 

» External pressure 
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20 40 60 80 100 
Temperature 


boiling points. 


Topic-4 
Cis 


(i) Intermolecular forces: 
Stronger the intermolecular forces, greater will be the boiling point and vice versa. 
Greater amount of heat will be required to 
» Over-come strong intermolecular attractions 
» Equalize vapour pressure with external pressure. Hence, boiling point will be high. 
HYDROGEN BONDING 
Hydrogen bonding is the electrostatic force of attraction between a highly electronegative 
atom and partial positively charged hy drogen atom. 
. Hydrogen bond : 
— Covalent bond aw ON 
if j 


: 5 H H 
b4 wD?» aes S 4 \ . “H Mh, P 
H°120°H.  ,H’ , a 
1 / * FE J Pe y 4 4 4 | Na 
F é- H OH a H 
HF H20 NH3 
® Exceptionally low acidic strength of HF molecule as compared to HCI, HBr and HI is due 


to strong hydrogen bonding. 
e Ammonia and hydrogen fluoride cam form only one hydrogen bond due to presence of 
only one utilizable Jone pair of electrons and one utilizable H-atom respectively. 


e Water can form two hydrogen bonds as it has two utilizable hydrogen atoms and two 


utilizable lone pairs on oxygen atom. 
® The strength of hydrogen bond is. generally twenty times less than that of a covalent bond. 


A comparison of inter-molecularforces 


: Ch: 6 is . S 
Forces Strength | aracteristics 


Occurs between ions and 


lon dipole Moderate (10-50kJ/mol) polar solvents 


Occurs between polar 
molecules 


Dipole-dipole Weak (3-4kJ/mol) 


| Weak (1-10kJ/mol) Occurs between all molecules 


London dispersion 


Hydrogen bond Moderate (10-40kJ/mol) 


Weak (1-2kJ/mol) 


H and N or OorF usually 


Occurs in mixture of polar 
and non-polar 


Dipole induced dipole 
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Factors affecting molar heats 


N : Polar liquids have high AH, molar heat of vaporization than non-polar. 
panenmetee= Polar solids have high AHr molar heat of fusion than non-polar. 


Size of molecule Larger the size of molecules, greater will be AHy 


Anomalous Behavior of Water (Structure of Ice) 


In ice, the oxygen atom of water molecule is surrounded by four H-atoms. 

The two H atoms are linked through covalent bond while the other two H-atoms are 
linked through H-bond. 

This is extended throughout creating the empty spaces in the structure. 

That is why when water freezes it occupies 9% more space and its density decreases. 
That’s why ice floats on the surface of water. 

The lower density of ice than liquid water at 0°C catises water in ponds and lakes to 


freeze form surface to bottom. 


Water has maximum density 4°C, 


Po. 


vty 
3. 


A hexagon in the structure of ice Tare 


bax 


e 
sa aN 


! 
2 
3 


OHydrogen 


e dimensional structure of fee 
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properties of compounds containing en bond 
Property 


Description 
> Greater the E.N difference, stronger will be hydrogen bond. 
Compounds with such condition have higher B.P than those 
molecules, which does not have such property. 
» In HF and H20, more E.N.difference is between H and(FithamH 
and O, but water has high B.P than HF, it is due to greater 
number of H-bonds between water than in HF. 
Fiber proteins 
Fiber proteins consist of large chains of amino acids and these 
chains are coiled about one another into a(spiral. This spiral is 
called Helix. Such a helix may either be right handed or left 
handed (a-helix and B-helix). In bothseases >NHvand >CO 
adjacent to one another are linkedtogethemby H-bond. 
DNA 
Deoxyribonucleic acid (DNA) has two spiral chains. These are 
coiled about each other andhare linked‘together by H-bond 
between the nitrogenous baseSii.c. A=T and G=C and give rise to 
double helical structure, 
Food Material 
The food materials like carbohydrates e.g. glucose, fructose and 
sucrose have -OH groups which are responsible for the H-bond in 
them. . 
> Compound with hydrogen bond is soluble in compound having 
hydrogen, bond e.g. H2O and C2HsOH are soluble with each 


Thermodynamic 
properties of 
covalent hydrides 


| Application in 
biological 
compounds 


Solubility 


other. . 
> Soaps and, detergents perform the cleansing action because the 
polarpart of their molecules are water soluble due to hydrogen- 
bonding and the non-polar parts remain outside water, because 
they are alky! or benzyl portions and are insoluble in water. 


Cleansing action 


Hydrogen bonds in § The adhesive property of paints and other dyes like glue etc. is 
| Paints and dyes ~~ due to hydrogen bond. c-. 
Structure of ice » Inice, the oxygen atom of water molecule is surrounded by four 

= costes H-atoms. The two H atoms are linked through covalent bond 
while the other two H-atoms are linked through H-bond. This is 
extended throughout creating the empty spaces in the structure. 
That is why when water freezes it occupies 9% more space and 
its density decreases. That’s why ice floats on the surface of 


water. 
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a COURSECONTENIS na a 


° Introduction 


° Types of solids 


° Tonic solids | 

_ @ Molecular solids 
e Crystal lattice 
° Lattice energy 


TYPES OF SOLID aoa ae 


. 7 Molecules, ions or atomssarran ed in specific three- 
Crystalline solids , & Pp 


_dimensional pattern e. g. NaGl, ‘KCl, sucrose, I2 and ice ete. 
Amorphous solids ' Molecules, ions or atoms do not have regular order of 
(Pseudo solids) arrangement ¢igarubber, glue, glass etc. 


PROPERTIES OF CRYSTALLINE SOLIDS 


| Have definite geometry and shape. 


Sharp melting points. ~ 


Whenever the crystalline solids are br 
definite planes. These planes are called 


oken they do SO along 
the cleavage planes. : 


The property which depends u 
Anisotropic properties: 

(i). Refractive index 
(ii) Co-efficient of thermal expansion 
(iii) _ Electrical conductivities 

(iv) Thermal conductivities 

(v) Cleavage of crystalline solids 


pon the direction of crystal. 


Anisotropy 


The repetition of faces, an 


gles and edges when a 
rotated by 360° along its axis 


solid is 
is called symmetry. 
There are many types of symmetry elements: - 
Centre of symmetry | 


> 
> Plane of symmetry 
> Axis of symmetry 


Symmetry 
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Property 


Habit of a crystal 


Polymorphism 
Allotropy 


Transition 
temperature 


Description 


7 The shape of crystal in which it usually grows is called habit of 
a crystal. 


The phenomenon in which two different compounds exist in the 

same crystalline form is called isomorphism. 

Many solids show isomorphism e.g. NaNO3 and KNO3vexhibit 

rhombohedral crystalline form. : , 

The phenomenon in which one compound contains more than 

one crystalline forms is called polymorphisms 

" e.g. AgNO3 exists in Rhombohedral and orthorhombic from. 

7 Compounds exhibit this phenomenon. 

The phenomenon in which an element exists in more than one 

crystalline form is called allotropy. 

. Carbon exists as graphite, diamond and)Bucky balls. 

. Elements exhibit this phenomenon. | 

It is that temperature at which two crystalline forms of the same 
substance can co-exist in equilibrium/with each other. 

Above and below this4emperature only one form exists. 


kt & NS, 4 (tetragonal) 


Grey tin (cubic) 


DATTICE STRUCTURE OF CRYSTALLINE SOLIDS 


Definition: 

“An array of points representing the arrangement of particles (atoms, ions or molecules) 
in three dimensional spaces is calléd crystal lattice”. 

The regular arrangement of the particlesjof"a crystalline solid at the microscopic level 
produces characteristic shapes of crystals. 


Lattice: 
“The position of the particles in a crystalline solid is represented by a Lattice” 


It represents the structure of any substance. A lattice is of three types: 


(i) Three-dimensional lattice 
(ii) Two-dimensional lattice 
(iii) | One dimensional lattice 
Structure of a crystal: 
Externalstructure of erystal: 
The external shape of a crystal depends upon the cc 
different in one form or the other e.g., NaCl is c¢ 
octahedraltin-the presence of urea as impurity. 

Internal structure of crystal: 

The internal structure is the same with 
crystallization are different. This unit 
arranged in a crystal. 

Factors: 

Primarily a crystal depends upon, 

(i) Shape of the unit cell 

(ii) Contents of the unit cell 

The atoms, molecules or ions in a crysta 
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he conditions of crystallization. It may be 
ubic at ordinary conditions but 


basic structural unit, although the conditions for 
describes the pattern by which the particles are 


| are repeated in a systematic manner. 
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Unit cell: 

“The smallest unit of volume of a crystal, which shows all 
the properties of its pattern, is called a unit cell”. 

This is a basic structural unit of a crystal. It represents the 
structure of any substance. It has six parameters called cell 
dimensions or crystallographic elements i.e. three unit cell 
lengths a, b, c and three angles a, B, y. 

Contribution of cation or anion present at different 
positioning of cube in a unit cell. 


Mid of cube = 1 | Unit cell 
Face of cube = bem 
1 
Edge of cube = — 
4 
Corner of cube = ‘ 


Ionic Solid 
Definition: 
- Those solids in which ions are held together by electrostatic forces / ionic bonds are 
called the ionic solids. 
Properties of ionic solid 
o The arrangement of ions in ionic solids isithree-dimensional. 
o They have high melting and boiling points and are non-volatile. 
o The structure of an ionic crystal dependsupon the radius ratio of cations and anions. 
o . They are non-conductors,in solid state but they are 
conductors in molten state or solution form because in 
these forms, ions are free to move to conduct 
electricity. 
_ They. are soluble in polar solvents and insoluble in 
non-polar solvents: 
Structure of Sodium Chloride 
Independent molecules of NaCl do not exist in 
vapour ‘phase as well as in solid state. That is why 
NaCl is said formula unit of sodium chloride. ~ 
Sodium,chloride has giant ionic structure @ci~ *Na* 
Co-ordination Number | . 
The number of ions of same kind that surround an appastiely charged ion is:called co- 
ordination number. 
In NaCl, each Na* ion surrounded by six Cl ions and 
each CI ion is surrounded by six Na’ ions. 
So, co-ordination number of NaCl is 6. 
Co-ordination No. of Na’ is 6 . The number of anions that can 


* Co-ordination No. of CI is 6 surround one cation is called 


Na 
8x 1/8 comers 
+6*1/2 Faces=4 


Cl 
12*1/4edges 
+loenter =4 


o 


ANa:f# Cl=1:1 
NaCl 


coordination number 
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(i) 


Number of formula units per unit cell 
The unit cells that share one CI’ ion at one corner = 8 


A unit cell gets a share of one CI’ ion at one corner = yy 


A unit cell gets a total share of CI’ ion at eight corners = 8 x Vi I 


A unit cell gets a share of one Cl’ ion at one face = is 
2 


A unit cell gets a total share of Cl’ ions at six faces = 6x 


-_ So, a unit cell gets a total number of CI’ ions = 4CI 
Similarly, there are four Na* ions in a unit cell. Hence, there arefour formula units 
(4NaCl) of NaCl in a unit cell. | 


CRITICAL THINKING 2 


Q.3  Thecorrect order of given cations is 
A. Na‘!> Meg”> Al? BAI? >Mg”> Na?! 
C. Na*!> AI? > Me” D. Mg#> Na‘! > AI? 


The Factors that affect the shape of an ionic solid 

There are three factors which affect the shape of an ionic crystal. 
o Electrostatic Forces of Attractions: 

o Radius ratio 

o Poor conductivity 


Electrostatic force of attractions * 
The ionic solids are composed of cations and anions. They are held together through 


strong electrostatic forces of attraction forming a well-defined geometric shape e.g. 
formation of NaCl. Sodium losés,one electron and converted into Na?! ions. - 


Na@— le)——Na‘! _— (A cation is formed) 
(2,8)1) (2,8) | 
I FY Aen (An anion is formed) | 
(2,8,7) (2,8,8) ’ 


These ions combine together due to strong electrostatic force. 

Na! +Ccl’’ ——> NaCl AH = —787 kJmol"' 
It is an exothermic reaction. To form a crystal lattice of NaCl, each Na* ! jon is 
surrounded by»6 CI"! ions and each CI! ion is surrounded by 6 Na*! ions. As a result a 
cubicsstructure of ionic solid of NaCl is formed. 
Radius Ratio: 


The structure and shape o 
anions e.g. NaCl and CsF have the different 


in both the cases. 


f an ionic solid depends upon the radius ratio of cations and 
geometry because the radius ratio is different - 


Radius of cation 
Radius of anion " 


us ratio consisting of cations and anions can give a good idea of 
d ionic compound with radius ratio greater than 0.732 will have 


Radius Ratio = 


Thus knowledge of radi 
the shape of crystal. An 
cubic structure e.g. NaCl. 
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The radius ratio of an ionic compound with octahedral structure should be in between 
0.414 and 0.732. Similarly, a tetrahedral structure is formed if the radius ratio is in 


between 0.22 to 0.414. 

The Radius Ratio of the following ionic crystals are: 

1, NaCl = 0.522 — Octahedral arrangement or cubic structure. 
2. CsCl = 0.93 — Body centred cubic arrangement. 

3 ZnS = 0.40 — Tetrahedral arrangement. 


The structure and Limiting radius ratio of certain crystalline substances are given below: 


|_1._| Body centered cubic | 0.732 and above J 
Tetrahedral 
4. [Triangular [0.15 t0 0.22 
(ii) Poor Conductivity: 
lonic compounds do not have free ions to conduct electricity in sobid state because ions 
are fixed at their positions. They conduct electricity infmolten state or in aqueous solution 
when the ions are free to move. 
In aqueous solution, the crystal lattice is brokeninto, cation and anion because of high 
dielectric constant of water. Thus the ions are sélvated. 
NaCl, —“"> Na“, + CI" 


i) 


oOlO;}o 


(3q) 

Lattice Energy 

The lattice energy can be defined in two ways. 

“The amount of energy released wheniigaseouspions of opposite charges combine to give 
one mole of a crystalline ionic compound iSscalled lattice energy”. 


Najy + CI, NaCl) AH = —787 kJmol" 


(g) 
“The amount-of energy required to. break one mole crystal lattice into its gaseous ions is 
called lattice energy”. 


NaCl,,) r gp Gh + Cle) AH = +787 kJmol"! 
Factors: ; ; Lattice 
There are two factors whichjaffect the lattice energy. fone energy 
; ; 7 : compound 
Size of ion (cation or anion): (kJ mol) 


Lattice energy decreases with the increase in the size of the ions 
(whether cations or anions), the packing of oppositely charged ions 
become less and less tight. 

Charge of ion(cation or anion): 

Lattice energy increases with increasing ionic charge. Increase in 
charge also increases the electrostatic force of attraction therefore 
lattice energy also increases. 
Molecular Solids 

The solids in which polar or non-polar molecules are held together by Van der Waal’s 
forces (London forces) or Dipole-dipole forces (Hydrogen bonding) are called molecular 
solids. 


x 
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Properties of molecular solids 
o They are soft and easily compressible. 
o They are mostly volatile and have low melting and boiling points 
O They are bad conductors of electricity. 
Structure of Iodine | 
O lodine is a molecular solid. 
O In the solid state, the molecules of iodine align in the form of 

layer lattice. 


Face centered cubic 


fe) I-l bond distance is 271.5 pm and it is appreciably longer than structure of lodine 
in gaseous iodine (266.6pm). 


° lodine is a poor conductor of electricity. Lattice pointsare oceupied by I 
molecules. 
fo) It has face centered cubic structure. 


TYPE OF STRUCTURE AND BONDING PRESENT IN ASUBSTANCE 


Intermolecular-| | - ‘ 5 | 


hardness varies from soft to 
very hard; melting _ points 
varied from low to very high; 
lustrous; ductile; malleable; 
very good conductors of heat 
and electricity 


cations plus 
delocalized 
electrons 


Na, Mg, Al Fe, 
Zn, Cu, Ag, W 


metallic bonds 


Metallic 


hard; moderate to very high 
melting points; nonconductors 
of electricity (but good 
electrical conductors in the 
molten state) 


NaCl, NaNOs, 
MgO 


electrostatic 
attractions 


cations and 
anions¢ 


low melting points; 


soft; 


molecules London or nonconductors of heat and Pek gas 
Moleculare| (atoms of | dipole-dipole or electricity; sublime easily in ico: ” 
noblelgases) | hydrogen bonds | Many cases Se hnH.0 


very hard; very high melting 
points; . nonconductors of 
electricity 


C(diamond), 
SiC,SiO2 


Covalent 
network 


covalent bonds 
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COURSE CONTENTS ~9 "= 


° Reversible and irreversible reactions 

e State of chemical equilibrium 

e Equilibrium constant expression for important reactions 
° Applications of equilibrium constant 

° The Le-Chatelier’s principle 

° Synthesis of ammonia by Haber’s process 

° Common ion effect 

° Buffer solution ” 


e Equilibria of slightly soluble ionic compounds, (Solubility product) 


i cee INTRODU@EEM “ar Le 
Rate of chemical reaction -~ > . 

The change in the molar concentration of the reactants or products per unit time is called 

rate of chemical reaction. Its unit is mol.dm?s", 
Chemical equilibrium 7 
An apparent state of rest in a reversibleychemical reaction where the rate of forward 
chemical reaction becomes equal tothe rate of reverse reaction is called chemical 
equilibrium. a | 3 | 
Characteristics of Chemical Equilibrium: 

© It is established only in close system | 

© It can be established from either side 

© It is a macroscopic property, . 

o_Itis a dynamic state becatise reaction is not stationary rather moving in both directions. : 

RATES OF FORWARD AND REVERSE REACTIONS AND DYNAMIC 
| 3 EQUILIBRIUM Fee Sg 


Reversible Reactions 
Proceed in both directions .e., forward and 
reverse 7 


Reaction does Hot 280 to completion. . 
represented by (==) : 


_._ Irreversible Reactions ee 
Proceed in one direction i.e., forward. 


represented by (—) 
uilibrium state is present D namic eq uilibrium state is absent. 
Examples | 
2Na+2H2xQ0 —_,y 2NaOH + H> 


2H2+O2 = —_+ 21,9 
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poge— ete PCI, +Cl, 
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Types of Equilibria 


Heterogencous equilibrium 
A chemical equilibrium in which the reactants 
and products are present in different phases 1s 
called a heterogencous equilibrium e.g. 

PN sets: Ve a 
CaCO, == CaO, + COY,) 


. Dynamic Equilibria 

o Cone. of reactants & products are constant 
o Rate of reaction is not zero 

o Rate of forward reaction’= rate of#everse 
reaction 


A chemical equilibrium in which the reactants 
and products are In the same phase is called 
homogeneous equilibrium e.g. 


| SOx.) +O 


et 2SO 


: a 


Static Ec 


Xe) 
juilibria 


o Conc. of reactants and products are 
constant 
o Rate of reaction Is zero 


For a given reaction 
A+B —— C+D) 


[A} or [8] 


[A] or [B] 


{A} oF [B] 


Concentration 


Concentration 


(C) or (D) [Chor [0] 


o Time tea ie) Time fey a Tine lew 


“Law of Mass Action 
C.M Guldberg and P.Waage introduced this law in 1864. 


Statement 
It states that the rate at which the reaction proceeds is directly proportional to the product 
of the active masses of the reactants or their molar concentration. — 


Explanation 
Consider a general reaction in whieh A’and Bure the reactants and 


C and D are the products. 


A + B@e C+D 


Ro Niehs | 
Re= ke PA [BI CRITICAL CONCEPT! 
R,o¢ [C][D] 


Active mass means the 

concentration in mole dm= 
of the reactants which alter 
as aresult of chemical . 
reaction 


> Re=k- [CID] 
At equilibrium state 
; Rr= Rr 
ke fA] [B] = kr (C1 [D] 
Of rearfanging, we get 


x, (Clo) 
KAN) 
ke ok. 

k 


_ _{cl[P] 
[a [BI 
Theconstant K- is called the equilibr 
For a more general reaction . _ 
| pa + bBeeC+ED, , = [D] 
| oe [ay [sy 


‘um constant of the reaction. 
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What is Ke 
The ratio of the product of the concentrations of the products to the produef of the 
concentrations of the reactants is called equilibrium constant (Ke) 
Characteristics of Ke 
Factors 


Expression 


Temperature, 

i) Greater the temperature, greater will be the K. valuedor eh@othermic 
reactions and vice versa. 

ii) Greater the temperature, lesser will be the Ke value for exdthermic 

reactions and vice versa. 

Initial concentration of reactants 

Pressure or volume 

Direction of reaction 

Catalyst ee, y A ss 

When number of moles of reactants umber 6f moles of products, 

then Ke has no units. 

o When number of moles of reactants # number of moles of products, 

then K, has some units and can be calculated by using formula 
<= (moles.dm~™)*" wheres\n = n—aAir 


Depends upon 


Independent of 


010 000 


Q.1_ [A] represents the concentration of A in 
A. Grams C.dm? 
B. Moles D. mol/ dm! 


__ EQUILIBRIUM CONSTANT EXPRESSION FOR 


Reactions 


PCls = PClytCl, 


N20, = 2NO; 


N2+3H) = 2NiA5 Wy bhai) 


* [JH 


Relation between different equilibrium constants 
When concentrations are expressed in mole dm®?, then 


aA +bB=cC+dD 


. - (Tr 
€ a b 
[AT [8] 
os 
eC 
lo ae | 
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case of gases, We use partial press 
In case of gases, we use partial pressure and Ke changes to Kp. 


p a ) 
Pa Pi 
Ky = Ke(RT)™ 


CRITICAL CONCEPT! 


=k, (RT): An 


An = number of moles of products - number of moles of reactants 


R = General gas constant 
T = Absolute temperature 
When An=0 _ then, Kp = Ke 


Calculation of Value of Equilibrium Constant: 
Calculate the values of equilibrium constants in term 


pressures from appropriate data. 
Consider the following gaseous reaction system havingypartial pressure at equilibrium 


j\ 6) oo 7 +~ = 
100 torr 50torr 4 50,tore 


s of concentrations or partial 


Its Kp can be calculated as 
Kp P, im 
= - 50° x 507 (1007 
= 2500,/,10000 
= 025 — . 
Calculating the Quantities Present at Equilibrium: 
Calculate the quantities present at we, given appropriate data 
Consider the following reaction 
GH3;CQOH + C2HsO 
When two moles of acetic dcid and two moles of ethano 
number of moles of ester formed if Kc is 0.25. 
[cH,cOOC,H,]| 1:0] 
7 )[CH,COOH][C,H,OH] 


WC) 


roo <== CH3COOC2Hs + H20 
| are present at equilibrium, the 


0.25 =+ 
(2)(2) 

0.25x4=x° 

x=] | 


CRITICAL THINKING 2 


Cnr> np 
D. Not possible 


Q.2 Kp=K- When 
A. nr = np 
B. nr < np 
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APPLICATIONS OF EQUILIBRIUM CONSTANT. (Ke 


(i) Direction of Reaction: 
Ke= [products] 
[reactants] . 
a) If [Products]/[Reactants] <Ke then reaction will proceed (forward) 
b) If [Products]/[Reactants] > Ke then reaction will move backward (reverse) 
c) If[Products]/[Reactants] = kK. then it means reaction is already at equilibrium, 
(ii) Extent of Reaction: 
(a) If the value Ke is very large: reaction is almost complete 
. 20, = 30, (Ke=10°° at 25°C) | 
(b) If Ke value is small : reaction does not proceed( moves forward) appreciably 
2HF = H,+ F, (Ke = 107! at 2000°C) 
(c) If value of K. is very small this shows.a very little forward reaction. 
(iii) The Effect of Conditions on The Position Of Equilibrium: 
© Ke is equilibrium constant, it remains constant fot a particular reaction at constant 
temperature | | ~~ 
o It can be varied if external conditions like temperature, pressure and concentrations 
are altered. | — 3 


If Ke is very large then the products will be very much stables : ened 
EME Peers -CHATELIER’S PRINCIPLE 99) 


Statement 
This principle states that if a stressis applied to a system at equilibrium, the system acts 
in such a way so as to nullify it, as.far as possible. a 
Applications of Le-Chatelier’s principle | pane 
Le-Chatelier’s principle helps in studying effect of followings on equilibrium position 
~ and equilibrium constant / ; 3 

(i) Effect of change ‘of concentration. : 

(ii) Effect of change of pressure or volume. | 

(ili) Effect of change of temperature. 

(iv) Effect of catalyst on equilibrium. 

Effect of change of concentration . : 

o The addition of substance among the reactants, or the removal of a substance among the 
products at equilibrium stage disturbs the equilibrium position and reaction is shifted to 
forward direction. ; . eae . 

© The addition of'a substance among the products or the removal of a substance among the 

_.,. reactants will drive'the equilibrium towards the backward direction. 

NOTE: Thesreaction shifts in any direction on the addition of any substance just to kee 

value of Ke constant, — : i 7 
Effectof change in pressure or volume 
_©_ The change in pressure or volume is important only for the reversible 
Where the number of moles of reactants and products are not equal. 
(i) Theoretical study of effect of change of pressure or volume 
The increase of pressure or decrease in volume shifts the reaction in direction of less 
number of moles and vice versa. a | 
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the . 


gaseous reactions 


s -6 ; | | 
eee 


Examples: 

(a) 2805 +0) == 2805, 

The increase In pressure shifts the above reaction in forward direction and vice versa. 
Si PCE =P Chl + Ch | 


The increase in pressure shifts the above reaction in backward direction and vicerversa. 

(ii) Quantitative study of effect of pressure or volume - 

(a) If volume term is present in the numerator of Ke expression, then increase in pressure 
decreases the volume and reaction will shift in forward direction to increase the value 
of x* and to keep the value of Ke constant. 

— 4x’V 
. * (a-2x)’ (b-x) 

(b) If volume term is present in the denominator of Ke expression, then increase in 
pressure decreases the volume and reaction will shift in backward direction to 
decrease the value of x* and to keep the value of Ke constant. | 

K= _* 
V(a-x) 

Effect of change in Temperature 

(i) On Endothermic reactions. 

o By increasing the temperature, reaction is favoured in forward direction. 
o By decreasing the temperature, reaction is favoured in backward direction. 
Hos — a a= +ve 
(ii) On Exothermic reactions. 
o By decreasing the temperature, reaction ifavoured in forward direction. 
o By increasing the temperature, redetion is favoured in backward direction. 
N,+3H, —2NH, AH = -ve 

Effect of catalyst on Equilibrium Constant ie, oe 

A catalyst does not affect the equilibrium position and equilibrium constant of the 

reaction. It increases the rates of, both forward and backward reactions, as it reduces the 


time to attain the eqailibrium. 
EFFECT OF CONDITIONS ON EQUILIBRIUM CONSTANT 
Conditions | ae Position of equilibria 
of [R]2 [P]¢ on reactant side 
[TR] < [P] on product side 
Pressure is increase 
Pressure is decreased — on reactant side 


| Equilibrium constant 


No effect | 


Cone. 


d — on product side 


No effect 
Pressure is increased — on reactants side 


ne < np ; 
‘ Pressure IS decreased —> on products side 


o K,«T 
for endothermic reaction 
o K.«Il/T 

for exothermic reaction 


ncrease favours endothermic reaction 


© Temperature | . 
favours exothermic 


o Temperature 
reaction 


Temperature decrease . 
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APPLICATIONS OF CHEMICAL EQUILIBRIUM IN INDUSTRY 


Synthesis of NH3 by Haber’s process Synthesis of SO3 | 
In contact process H2SQs4 is 


Introduction | F. Haber prepared in 1933. 
prepared. 


2SO2+ O2 ——2S0;3 AH=-194K) 


Conditions 
for maximum 
production 


N2t+3H2 ——=2NH3 AH =-92.46kJ 


o Removal of ammonia after regular 


o Continuous supply of Oz. 
o Increase in pressure, 
o Decrease.in temperature. 


intervals. 
o Increase in pressure. 
Decrease in temperature. 


“| Pieces of iron crystals are embedded in 
Catalyst . ; V20s. NO or Pt are used as catalyst. 
fused mixture of MgO, Al203 and SiO:. 


2 cee 


Favorable P= 200-300atm P= Tatm 
conditions T= 673K(400'C) = 400-500°C / 650°C. 
NOTE: TT 


o Equilibrium mixture contains 35% NHs by volume. 

o Ammonia is separated by refrigeration of reaétion mixture, 
110 million tons ammonia is produced per@nnum. 

80% is used in fertilizer. 

13% Nitrogen fixation is done by Haber Syprecess. 


o 0 O 


COMMON ION EFFECT ‘ 
The addition of a common igf to théssolution of a Iess soluble electrolyte suppresses its 


‘onization and the concentration of unionized species increases, which may come out as 
precipitates. 
Common ion effect increases 
(i) Crystallization 
(ii) Association of ions 
Common ion effect decreases 
(i) lonization / dissociation 
(ii) solubility 
Applications 
(i) Purification of NaCl 
NaCl == Na_,,.)+Cl/,,,) 


: * ——— Hi.) +Cl,, 


e -6 7 
Zor Chemical Equilibrium 
(ii) The solubility of a less soluble salt KCIO3 in water is suppressed by the addition of a 


more soluble salt KCI by common ion effect. 


KCIO,,,. ——=K K* HCI 


(aq) 


KCl. ==Ki+Chk 


(aq) (aq) 
(iii) Decrease in dissociation of H2S 
H,S=—= 2H, ea) 
2 (aq) 
HCI==H_,, y+Cl, 
(aq) 
(iv) An addition of NHsCl in NHsOH solution suppresses the concentration of OH™ (aq) 
due to the presence of a large excess of NH, from NH4Che 


NH,OH,,,, == NH seq) + ODMR 


I} ——— + = 
NI 1 Chios vc NH jaq a 


BUFFER SOLUTIONS 


The solutions, which resist the changeéin their,pH when a small amount of an acid or a 
base is added to them, are called buffer solutions. 
How Buffer controls the pH? 


Buffer action can be explainéd by keeping in view the concepts of common ion effect and 


Le-Chatelier’s principle. 


FT; GAN (0c) —— CH3COO ,,,, + Na fag) 


If we goon adding CH;COONa in CH3COOH solution, then common ions i.e. 
3COOH. 
oncentration and high pH value. 


s compared to CH3COONa then pH value of 


CH3;COO7 decreases the ionization of CH 
The solution will have less hydrogen ion c 
if CH3COOHLis in high concentration a 
solution will be less. 


Greater the concentration of acetic acid as compared to CH3COONa, lesser will be the 


pH of the solution and vice versa. This is shown in table. 


© ee 
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[CH3COOH|(mole |) (CH3COO) (mole | : AS ba Oa ee 
dm3)_ f ; dm”) 


% Dissociation | 


The buffer mentioned above is the large reservoir of CH3\COOH and CH3COO™ components. 
o Whenever an acid is added to this buffer and ‘H” concentration in€reases, at this stage 
CH3COO' reacts to form undissociated CH;COOH. So, pH of the’ buffer: will remain 
- almost same because ‘H* ions which are added are captured by CH3COO™ ion and pH 
will not vary too much. 
o If base is added in this buffer, base will produce OH" ions Which combine with H30* to 
form neutral compound i i.e H20. So, pH will remain almost unchanged. 


NOTE: The buffer solution consisting of NH4Cl and NH§OH can resist the change in pH and 
. pOH when acid or base is added from outside. | | 


Calculating the pH of Buffer a 
- Henderson’s Equation for Acidic Buffer 


[Salt] 
“pH=pK,,+ lo 
| pee [Acid]. 
Other formations. of this equabon, aco 
Acid] 
H= Ka lo} | 
i de v5 
4 set 
Base 
Base] 
H= Ka lo | 
ef © "Aid| 


Cases: 
(i) If [salt] = |adid] then ian pKa 
(ii) If [salt] > [acid] then pH > pKa 
(iii) Lf [salt] < [acid] then pH < pKa 
Henderson’s Equation for Basic Buffer 
en te [Salt] 

pOH=pk, + °8 Base] 
Cases: ba | 
(i) If [salt] = [base] then pOH = pK» 
(ii) If [salt] > [base] then POH > pKy j 
ah (iii)If [salt] < [base] then pOH < pKy | 


.) 


Topic? Chemical Equilibrium © 


= ~ ROME ST, OFSLIGHTEY SOLUBLE IONIC Solubility Product) 
1e product of the concentration of ions raised to an exponent equa} to the co- erncient. of 


the balanced equation. 
=| CRIT. ICAL CONCEPT! © 


General Expression 
A Ba AO ay 

It is only applicable for those substances whose 
molar concentrations are less than 0. 0 M. 


Applications 
Determination of Ksp from solubility of salts 
Determination of solubility from Ksp 
Prediction of precipitation 

Effect of common ion on solubility 
General Ksp expressions for some salts 


AgCls) == Agtaa + Cla Kop = 18x10 


Ksp = [Ag |ter] 
Ksp =s° 
PbClys) <== Pb tag) + 2CK ag) Ksp $ 166x107 


Ksp = | Pb™ lfer} 
Ksp =4s3 
AICI y,) == Ally + 3Clhaay 


(aq) 


Ksp = faryfer] 
Ksp = 27s" 
Calculate Ksp From Concen sam And Vice Versa 
(i) The solubility of PbF2 is 2 x10 moles / dm’. Its solubility product will be 


PbF,,.. —— Pb” P DF iy): 


2(s) (aq) 
oo 2 x 10° 2x9 X10" 
Ksp » =[Pb UE YL = [2 x 107], 2x2 x ea 
, = 32x 10° =3.2x10° 
ct of Ga(OH): is 3.6 x 10°8. Its solubility is 


0000 


(ii) The solubility,produ 


BAOH),,. — Ca ep +  20H(,,) 
S S | 2s 
Ksp =[Ca" “AP i> [s]f 2s)’. 
3.6 x 10° = 4s? 
ir, 36% 10" 
S A es 
5 =(9x 10%) = 2.08% 10" 


M. it is considered as 


ution in water is 1.2 
C. Slightly soluble salt 


Q.3 4 Conc. Ofa salt in sol 


A. Less soluble salt 
B. Readily soluble salt D. Insoluble salt 


KETS - PREP BOOK ve 


toric-7 )y REACTION KINETICS 


COURSE CONTENTS 
° Rate of reaction 
e Determination of the rate of a chemical reaction 
° actors affecting rate of reaction 
° Specific rate constant or velocity constant 
e Units of rate constant | 
© Order of reaction and its determination 
° [:xplain the meaning of the terms activation energy andjactivated complex 
e Relate the ideas of activation energy and the activated complex to the rate of a reaction 


INTRODUCTION 


Reaction kinetics 

The studies concerned with rates of chemical reactions and factors that affect the rates of 

chemical reactions and the mechaflism of reactions constitute the subject matter of 

reaction kinetics 

Chemical reactions 

The breaking of pre-existing bondsand the formation of new bonds is called chemical 

change or chemical rea¢tion, 

On the basis of rate of reaction, chemical reactions can be broadly classified into three types 

(i) Very fast reaction (AgNO,+ NaCI—-> AgCl + NaNO,) 

(ii) Very slow reaction (2Pe + 3H,O0 + O, —> Fe,0,,. 3H,0) 

(iii) Moderately slow reactions (C,H;OH + CH,COOH —— H,COOC,H,+ 
RATE OF REACTION | 


The change ingconcentration of a reactant or a product divided by the time taken for the 
change is called rate of reaction, 


H,0) 


Rateot reaction: Change in concentration of the substance . 
Time taken for the change 
Rate of reaction = dx/dt 
- The rate of a general reaction, 


A —> B canbe expressed as 


Rate of reaction = —4lA. _ +d[B] 
dt dt 
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Units of rate of reaction: 
The units for rate of reaction are moles dm s°! 
~~ 


Concentration “R° 


of product 


Concentration 
of reactant 


/ 


F 


nce nirghan 


“a 


. Time 

Example: 

For a certain reaction, the concentration of reactant chiangestrom, 0.75 mol dm? to 0.50 
mole dm’ in 25 sec then rate of reaction is 


AC 0G”! | 


woe 


Rate of reaction = - 


lt 2S 100 
Rateof reaction = 1@moldm's~ 
NOTE: For a gas phase reaction, units of pressure af@iiiged Wiplace of molar concentration. 
Types of reaction rate 
Average rate 
The rate of reaction between tw@ spesi fie time intervals is called average rate. 
Instantaneous rate 
The rate at any one insta@i during agpecific interval of time is called instantaneous rate. 
Comparison of instanfancous and average rate: 


The average rate and instantanteus rate are equal for only one instant in any time interval. 


o 
o Atthe beginning of reaction. the instantaneous rate is higher than the average rate. 
o At the end of reaction, the instantancous rate is less than the average rate 


© The average fate will be equal to instantaneous rate, when the time interval approaches zero, 


DETERMINATION OF RATE OF REACTION 
es the measurement of concentration of reactants. 


o Determination of ratc of reaction involv 


Graphiis plotted between concentration of reactant and time to get a curve. 


) 
© Select any two points in a curve. 

6 Make a right angle triangle of these points. 

of Getting the tan0 of right angle triangle, we shall get 


Change in concentration of reactant 


(NERS FEAT TERT 


eee r +  « ar * a 
Rate of reaction Change in time 
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6) 
QO SO 100 150 200 250 300 350 


- Time (s) ——————— 


The change in the HI concentration withtime 
for the reaction 2HI, =— H,. + 1g at 508°C 


2) 20) 


. . Ac e 
Rate of reaction = — =2. 5x0 “mol dim’ / Sec 


Al 110 


Methods for the determination of rate of a chemical reaction 
Physical Methods 

‘ Details 
Spectrophotometer is used, 
Reactants and products absorb U.V, I.R radiations 
Amount of radiation absorbed give rate of reaction 
Conductometer is used 


Conductivity depends on the concentration of ions in 
the solution. 


Conductivity of ions of reactants give rate of reaction 


» It is applied to the reaction in which volume of solution 
is changed. 


> Volume change ofa reaction is Proportional to extent 
of reaction. 

Polarimeter is used 

> Reacting molecules rotates angle of rotation of plane 

polarized light 

> Value of angle of rotation gives information about rate 

of reaction . | 

> Refractometer is used 

» It is applied to the reaction in which change in 
refractive indices occurs - 

> Transformation of glucose into alcohol can be analyzed 

regarding rate of reaction through this method 
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Spectrometry 


rTvriwvevey?se 


Electrical conductivity method 


Dilatometric method 


Optical rotationmethod 


Refractomctric method 
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Chemical Method 
| am In SEU EALEE based i Is titration is used to determine the rate of reaction 
RS" eSNG RATE OF REACTION | 
Sie Pie hae ‘Details 
More active reactants give fast rate of reaction 
Number of electrons present in innermost shell affects the reactivity of 
reactant. 


| Nature of a: eee: 
coat | © ements of IA are more reactive than IIA. 
© Neutralization reactions and decomposition reactions are very fast. 
| © Oxidation reduction reactions are slower. 
Zz | © lonic reactions are very fast. 


| © Reaction is due to effective collision of reactant molecules. 
© Greater concentration of reactants, more effective collisions, thus, rate 
| of reaction will be high. 

Concentration oO In case of reactants in gases, their concentration is thcreased by 

of reactant increasing their partial pressures : 

oO. Rate of reaction is directly proportional to con¢entration of reactants 
Sometime concentration of reaetant beeome double and rate of reaction 
increases four times. 3 

Greater the surface area, greater will be chance of contact of molecules 
Greater surface area ofmeolecules, greater will be rate of reaction. 


Surface area 


lo L Light travel in the‘form of photons. 
Photons have energy depending on frequency of light. 
Light gives#the enetgy to reactants to form activated complex in 


minimumAime. 
o Light inereases therate of reaction. 


o By dhereasing temperature, the number of collisions of molecule i increases. 


> Rate oftreaction increases by increase in temperature of reaction 
o “Omincreasing temperature by 10K, the rate of reaction becomes doubled. 


4 > Arrhenitis equation: k=Ae™*"" (it gives us the quantitative effect of 


Temperature 


temperature on rate of reaction. 


Arrhenius equation 
According to Arhenius Equation 


-Fa‘RT ; : : 
re : k= “Ae ! : tar@ — - slope of straizbt line (a -ve quantity 
ie hg oe because 0 jis greater than 90° and tan of anale 
In this equation ee fj até constant Y more than 90° is negative) 
, = speci Ic 


A= Arrhenius constant | , oa aa . ____ aline parallel to x-axis 


is drawn to measure 6 


Wt tells us about collision frequency. 
© This equation explains the effect of temperature on 


‘the rate constant of reaction. | tor 
nd 

© kis exponentially related to activation energy and | | : 
xp UT CK!) — ep 


temperature. 
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o Whena graph is plotted between =or x-axis and log k on y-axis, a straight line is 


E 
obtained with a negative slope. Actually, RT 


two ends in second and fourth quadrants. 


| -E eos 
Slope = ‘__ unit of slope is Kelvin 
oP’ 2.303R — 7 
o This equation helps us to determine activation energy of the reaction. 


o E,=-Slope x 2.303R 
Unit of activation energy is Joule mole’', greater is value of activation energy smaller is 
k value hence smaller will be the rate | 


Rate determining step 
When the reaction completes in more than one step, then the slowest step will give the 
overall rate of reaction, thus slowest step of such a reaction is called rate determining step. 
Consider the following reaction. 
| NO2@) + CO) ——> NO@ # CO28) 
The rate equation of this reaction is found to be: 
Rate = k[NO2]* 
This equation shows that rate of reaction is independent of the concentration of CO. In 
other words, the equation gives us information that» ~~ 
(i) Réaction takes place in more than one step i.e the mechanism of this reaction is 
different than as shown in balanced chemical equation. 
(ii) Two molecules of NOz2 are involved inthe rate determining step. 
The proposed mechanism for this reaction is as follows. 


NOx) + N@3¢q) > NOx) + NO@) 


NO3(g) HEOg) —BSS ~— NOxe) + COre) 
o The first step is the slowest step and the rate determining step. 
_ 0 Order of reaction is 2" 4with,respect to NO2 but it is independent of CO concentration. 
© NOs which does not appear in balanced chemical equation is reaction intermediate. 
| Reaction Intermediate: 
A species whichshas témporary existence’ and it is unstable relative to the reactants and 
products and doesnot appear in: | the balanced chemical equation is called reaction. 
intermediates 
This is a specie with normal bonds and may be stable enough to Be isolated under special 
conditions, 
Example: 
In above reaction, NOs is reaction intermediate. | 
SPECIFIC RATE CONSTANT OR SAB BOCUDS CONSTANT 
Definition: 
The rate of reaction when the concentrations of the reactants are unity is called specific 
rate constant of a chemical reaction. 
Explanation 


According to law of mass action for a general chemical reaction 
aA + bB SEC + dD 
Rate of reaction = k[A] [B]’ 
Here ‘k’ is called specific rate constant or velocity constant for the reaction. 
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o Let [A]=Imol dm? and [B] = 1 mol dm? | 
Rate of reaction = kx xt =k 


nder the given conditions, k remaj 
o *U g ditions, k remains constant, but it changes with temperature. 


NOTE: There is only one +o i 
NOTE: I factor Le. temperature which affects the specific rate constant 
Difference between rate of reaction 


and rate constant of reacti 
. a i reaction 
Rate ofreaction 1 


: . Rate constant of reaction 
» The change in concentration ol a reactant It is the proportionality constant, which — 
ora product divided by the time taken 


is represented by k, in rate equation. 
for the change IS ca rate of reaction. > Its units depend on the order of reaction. 
» Itsunit is mol dm~s™, 


. > It is independent of the concentration of 
» It depends upon concentrations ot reactant or products 
reactants. 


7 > It always remains constant under the 
» It varies with the passage of time under given conditions. 


given conditions. Example: 
Example a. aA + bB ——> Product 
aA+bB — > cC+dD Rate 
Rate of reaction = k[A]*{[B]° — [ABI 


UNITS OF RATE CONSTNAT 


By using the expression, ; 
k= (Concentration)'™ (time), the unit of rate constant for nth order reaction can be determined. 


Examples: . 
(i) For zero order reaction, the units of rate constant,k are given by: 
Unitsof — - k = (concentration)! “timey" 


For zero Order n=0 

| Units of k = (mole/dm3)'” (sy 

Unit of k =(mole/dm?)' s 
> k= moles.dm™.s 


(ii) For first order reaction, theamits of rate’constant are given by: 


Units of k = (concentration)'” (time)"! 
‘ . “ Forfirst order n = | sane 
‘Units of k =(moles/dm-)” s 
. Units of k =(moles/dm’*)’ s’ 


=! 
© Units of k=s . | 
tion, the units of rate constants k are given by: 


lii) Fo eac i (time) 
(iii) For second order k = (concentration) " (time)! 


Units of ; 

For second order n= : 
Units of k= (mole/dm*)'* (s) ! 
Units of k= (mole/dm?y s 
Units of k = moles"! dm s 
Units of -k=dm) moles” s 


onstant are given by 


| ‘thi d ion, its of rate c * 

(iv) For third order reaction, ae a 0 (= (coricentral on)!" (time)" 
eor third ordern = 3 a 
Sais of k =(moles / dm’) (s) | 
Units of k = (mole/dm ) S 


2 -6 
. = mole~.dm™ s 
5 of k 2 
Unit k= dm® moles ag! 


isof 
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HALF-LIFE AND 1°! ORDER OF REACTION 
Half-life and order of reaction are related to each other as follows | 
| 
[tie], a ant 
The relationship between the half-life and initial concentration of the reactants of 
- different order reactions are given below 
Order | Zero 


Relation C _a 
a 2k 


HALF-LIFE PERIOD OF FIRST ORDER REACITON 


The time required to convert 50% of the reactants into productsds called half-life period. 
Example 


(i) Half-life period of N2Oq at 45°C is 24 minutes. 
(ii) Half-life period of *5U is 7.1<1068 or 710 million yeats. 


Important points d 

o Half-life period of zero order reaction is direct proportional to the initial concentration 
of the reactants. | | . 

o Half-life period of first order reaction is independent to the initial concentration of the 
reactants. 

© Half-life period of second order reaétion is inversely proportional to the initial 
concentration of the reactants. | 

o Half-life period of third order reaction is iagesclb proportional to the square of initial 
concentration of reactants? . 
Example: 


Half-life of radioactive decay» is 15 hours. Mass of it remained after 6 hours is 
(initial mass of isotope is 64 g) 


Total time taken 


Number of half-lives = ———__ 
| Half-life period 


; “+ Number of half-lives = hours. 


1.Shours . 
oun: 
(Ae 
9 322 16g — 4g 
After 6 ea, re the mass remained is 4g 
(Example: 


75% of A 1" order reaction was completed in 32Min, when was 50% of the reaction 
was completed: . 
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75% of reaction is completed in 2 half-lives 
Therefore, 


2[ 4, ]=32min 
[4,2] = min = 16min 


Hence, 50% of the reaction is completed in 16 min. 


NOT rE: 17 This example shows that half-life of first order reaction always remains same with 
different initial concentration. , re a> -- 

The half-life period for the decom osition of N20. ‘at AS°C i is 24minutés. Me meafis mm if 

we decompose | mol/dm? of N2Os then after 24 minutes half amount will be decomposed 


and 0.5 mol/dm? will be left behind. 


CALCULATION OF RATE CONSTANT 
(i) When rate equation, rate of reaction and concentrations are given 


For a reaction A+B —> Products 
| Rate = k[A][B] . 
If rate = 1.0 mol dm™*s‘! and [A] = [B] = 0.05moldm=), 
Then & = * 
Rate =kfAj[B] 
“0 =k{0.0s][o.05] 
y 10 
[0.05][0.05] | 
_ 10000 


Jk 
——— =400dm Jmol” S.. _ 


(ii) For 15 order reaction t, is 69. 3 seconds, its specific rate constant ie | 


6a 
: ; k 
k=10° 
(iii) When Ea and T are given 
: _Ea 
k=Ae RT. 


The formulae used are - © ee tie 
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-Ea | 
logk = x—+lopA ; 
ee 2303R Te 


Ea 
If value of e *’ factor is 1.71x10°’ and A is 10°? Then 


k=Ac i 
k = 10°x1.71« 107° 
k = 1.71«10° 


ORDER OF REACTION AND ITS DETERMINATION fe 
The sum of all the exponents to which the concentrations in the rate equation are raised js 
called order of reaction. 

OR 
The number of reacting molecules, whose concentration oy asvaresult of the chemical 
| change; | is. called order of reaction. : 


aA +bB——>P , 
H=k(Al [By 


: pace of reaction = a + b 
Important points 
o The order of a reaction is an experimentally determined quantity and cannot be inferred 
simply by looking at the reaction equation) 
o The sum of the exponents in the rate equation may or may not be the same as in a 
balanced chemical equation. . 
o The order of reaction provides Vallable mation about the mechanism of a reaction. 
o Maximum order of reactions three - 
o Order of reaction can be zéro or can be in fraction - 
o Order of reaction is related with rate equation and is controlled by rate law. 
o Order of reaction help{us to determine mechanism of reaction 
o Ifthe molecularity and order of reaction is same then it is said to be a simple reaction, 
otherwise it is multistep reaction. 
The chemical reactions are classified as 
Zero order reaction 
First order reaction * 
Second ofder reaction 
Third order reaction 
_ Pseudo first order reaction - 


Fractional order reaction 
CRITICAL CONCEPT! 


o.< The.order af a reaction can be found by comparing the initial rates of two reactants of 
known concentration : 


C | © (Once the order has been found, the rate constant can be calculated. 


000000 
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Examples of order of reactions 
Zero order reactions 
Photochemical reactions are usually zero order 
6CO, +6H,O—>C,H,,0, +60, 
First order reaction " ‘ 
2 N,0, —>2N,0,+0, 
Second order reactions : 
2CH,CHO—> 2CH,+2CO 
NO + O,—>N0O,+ 0, 
Third order reactions ; j 
SnCl2 + 2FeCl; —> SnCly+ 2FeCh 
2NO + Cl: —» 2NOCI 


CRITICAL THINKING Q 


Rate constant K for nth order reaction can be determined by 
formula 

A. K = Rate/ [Reactants] 1B. K = Rate * [Reactants] 
C.K = Rate/ [Reactants]* D. Ki= Rate x [Reactants]" 


DETERMINATION OF ORDER OF REACTION 

Finding the Order of Reaction 
Methods to determine the order of reaction 

Five methods are available. 

(i) Method of hit and trial 

(ii) | Graphical method 

(iii) Differential method 

(iv) Half-life method 

(v) | Method.of large excess 

(vi) Initial rateanethod 

From Half-life: 


It ig mentioned earlier; half- 
actants raised to the power one less than the order of reaction. 


life of a reaction is inversely proportional to the initial 
concentration of re 


J 
Therefore, (tio), * a 


Let us perform a reaction twice by taking two different initial concentrations ‘a;’ and a2 


their half-life periods are found to be ty and t2 respectively. | 


(<= and 


n-l F 
. 
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Dividing the two relations: 


Taking ‘log’ on both sides 
t 
Jt, 


On rearranging the above equation: | 


log = (n-1) log fs 


oe > 
a, 


So, if we know the two initial concentrations and two half-life values we can calculate the 
_order of reaction (n).. ._ -~ SS ; 
_. Initial rate method: ae ae 
The effect of change in concéntration on the rate of a chemical reaction can be 
understood from the following’gaseous reaction. s 
x 2 2NO;,,, + 2H, =—>2H,0,,, +N 
[NO] (moldm*) . 
0.006 


0.006 0.002, 0050. 


2(g) 


NO 


| 0.006 - . 


Rate « [NO] 7 
Rate=K[H,][NO} 
| It is third order reaction. . . 
ACTIVATION ENERGY AND ACTIVATED COM PLEX 


The minimum amount of energy, 
particles must have for effective co] 
Important points 


° Reactants go into transition state before going into product called activated complex. 
o Energy of activated complex is higher than reactants and products. 


© Ineffective collision, molecules have certain amount of energy and collide in certain 
orientation. | 
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in addition to the average kinetic energy, which the 
lisions, is called activation energy. 


ic-7 
Pi 
Ya . : 
fe) a te seated ie products is lesser than reactants, the reaction is exothermic. 
° eta pend is higher than reactants, the reaction is endothermic.. 
o Energy of activation of forward reaction is less than backward reaction for an exothermic 
reaction. 
o Energy of activation for backward reaction is less than forward reaction for an 
endothermic reaction. 
Y ‘. 


activated complex 


activated complex 


| Products 


AH 


Reactants 


Potential energy 


AH 


Products 


—> Potential energy 


—> 


O Reaction coordinate —> O Reaction coordinate —> 
(a) Exothermic Reaction (a) Exothermic Reaction 


A graph between path of reaction and the potential energyyof the reaction 
The reactants reach the peak of curve to form activated complex. Ea is the energy of 
activation and it as potential energy hill between reactants and products. 

(i) Colliding molecules which have proper energy will be able to climb up the hill and will 


give product. 
(ii) | Colliding molecules whose initial kinetic energy is less than E, will fail to climb up the 


hill fall back chemically unchanged. 


Exothermic Reaction: r 
In exothermic reaction, the potential energyjof the products is lower than the potential energy 


of the reactants. The difference 1s denoted by AH The value of AH depends upon the initial 
state (the potential energy of reactants) and final state (the potential energy of products). It 
does not depend upon;route of rea¢tion, rate of reaction and activation energy of reaction. 
The reactants require energy Eq, which is equal to the activation energy to get the top of 


barriers. Anyhow, products require energy Eq, which their activation energy to get to top of 


higher hill to form Activated state. This energy is more than E,, ; 


Energy of activation for forward step 


E, = 
I 
E = Energy of activation for backward step. 
a ? ‘ ca . ° . 
The magnitude of AH is also the difference of these two energies of activation. 


Ey E,, = -AE or AH 


rmic reactions the activation energy for forward 


‘s it is clear that for exothe 
From this tt! nergy for backward reaction. 


féaction is less than the activation € 
(i) 4 AH is the difference of poten 
(ii) AH is also the difference ofa 


tial energies of products and reactants. | 
ctivation energy of reactants and products. | 
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Endothermic Reaction: 


In endothermic reactions the potential energy of the products is higher than the potential 
energy of the reactants and for such reactions a continuous source of energy is needed to 
complete the reaction. In such reactions, the enthalpy change AH is positive sin¢e energy 
is absorbed in the reaction. For endothermic reversible reaction, the energy of activation 
for forward reaction is greater than the energy of activation for backward reaction. 
Conclusions 

Energy of activation for forward and backward reactions are different for all reactions. 
For exothermic reaction, energy of activation for forward reaction is less than the energy 
of activation for backward reaction. 

For endothermic reaction, energy of activation for forward reaction 1s greater than the 
energy of activation for backward reaction. 


ENZYME CATALYSIS 


Enzyme catalysis 

Enzymes are bio-catalytical proteins, which increase the rate of biochemical reactions. 

The substance on which an enzyme can attack is called substrate, 

The point through which an enzyme attacks on substrate called active site. 

Each enzyme has its own active site. 

Enzymes are highly specific for substrate. 

Enzyme and substrate form enzyme-substrate complex, which then breaks into product 

and enzyme. 

The name of enzyme usually ends on“ase’ 

Examples 

(i) Urea undergoes hydrolysis into NH3, and CO2:1 in the piesence of enzyme urease, 
which is present in orn 


| | 
H2N.— G@— NH? + H20 —USS*°_, 2NH; + CO; 


(ii) Concentrated sugar solution undergoes hydrolysis into glucose and fructose by an 
enzyme called invertase present in yeast. 


I 
CipHl gO, +40 ee C,H,,0,+ C 6H,,0, 
fructose glucose 
(iii) Glucése can be converted into alcohol by the enzyme zymase present in the yeast. 


CoH 20, —SB2* , 2C.Hs0H + 2C0; 


Glucose Ethyl! alcohol 
(iv) Starch can be converted into maltose by the enzyme diastase. 


2(C6H100s)n + nH20 a a nC}2H220)1 


Yeast 
Starch Maltose 
(Vv) Maltose can be converted into glucose by the enzyme maltase. 


Cy2H2201; + H2O Year > 2CoH 1205 


Yeust 


Maltose Glucose 


00000 


O 
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THERMOCHEMISTRY AND 
TOPIC-8 ))) - 
NERGETICS OF CHEMICAL REACTIONS 


COURSE CONTENTS 
‘ System, Surrounding and State function 
e Definitions of terms used in thermodynamics 
° Standard states and standard enthalpy changes 
e Energy in chemical reactions 
9 First law of thermodynamics 


8 Sign of AH 


° Enthalpy of a reaction and its Types 
° Hess's law of constant heat summation 
e Born-Haber cycle 


INTRODUCTION, 


Thermochemistry 
The study of heat changes during a chemical reaction is called thermochemistry. 


Energy 


“Ability ofa body to do work is called energy. Joule (SI Unit) | Jekem?s 
Types of energies 


(i) Kinetic energy (K-E) Energy due to motion | cal = 4.184) 
(ii) Potential energy (P-E) — Energy due to position, shape and orientation 
CONCEPT OF ENERGY CHANGES DURING CHEMICAL REACTIONS 


Graphical representation of exothermic and endothermic reactions 


B Endothermic reaction 


A Exothermic reaction 
Energy absorbed by system 


Energy given off by system 


: rogress of reaction 
progress of reaction progr 
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Temperature of 


surrounding . : 

system 
A fenerey Tpit [tow | 
Ps eeeayotecwns [is | 
ess | | 

products | : 
reactants _ ae | 


| Oxidation 
N2t+02.—-2NO 
AH=+180.51kJ/mol - 


Combustion | 
C + O2 — CO2 AH = -393¢7kJ/mol 


, Respiration ae 

9 | Examples Thermal decomposition - 
| | "Cell st 60: A CaCOs(s)—+CaO(s)+CO2(g) 

: | ; Neutralization Dissolving 

Pee ea oe -|  NaOH+ HCI—NaCl+H20 NHiCly>-NHsCleg 


System | | | 
_ “The portion of universe which is seb,aside for consideration, observation, discussion, 
argumentation or experimentation is called system” Re eee 
ms | < Le OR ee | 
“The substance undef consideration is called chemical system”. 
' Examples; 4 4 ee | 
(i) . Pb(NOs)2 under consideration is a system. nae 
(ii). The liquid whose boiling point is to be measured is a system. 
~ Real 


Onen 
Imaginarv ' Isolated 


«Asolated System 


If a system is isolated, then nothing can enter or leave. Its energy aid aaiter ain the 


same. Any change goes on inside the system, and it remains isolated, we cannot know 
anything about an isolated system from the outside. 
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Open System 
When both matter ar 
added. In this . a id energy can be exchanged, is called open system, when matter is 
« od, bs saASC > vt . 
asc the system is open system. For example, when we perform titration. 
Closed System 
In closed system energy can be exchanged but matter 
cannot exchanged between system and surrounding 
the system is called closed. A bomb calorimeter only 
allows heat to be exchanged. Such a system is 
called closed. 
Surrounding 
Ihe portion of universe except system is called 


surrounding. 
Example: 
A chemical reaction happening in a conical flask 48 a system) while the walls of the 
conical flask and the atmosphere are its surrounding. 


Boundary 


The real or imaginary surface, separating the system from surrounding is called boundary 
ofa system. 


State 
The condition of a system is called state of the system. 


Examples: 
Volume, Temperature, Pressure, Energy ete. 


ndergoes a change are 
a . Vi,71,P1,E1 


V2,T2,P2,E2 


Conditions describing the system before it u 


called initial states of system. 
Conditions describing the,system after 
called final states@f system. 


Change in the stateof system 
IN, lg V, (Change in volume) 


ARP, — P, (Change in pressure) 
AG =G,-G, (Change in free energy) 
AH =H, —-H, (Change in enthalpy) 
(Change in temperature) 


it undergoes a change are 


AT = tZ ~ T, 
ARSE. -E, (Change in internal energy) 
AS=S,-S, (Change in entropy) 
State gee .< property of 8 system which has some definite values for initial and final 
macroscopic Pp! at of the path adopted to bring about a change. 


states, and is independe 
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-.O : 


Examples: 
Pressure (P), Temperature (1), Volume (V), Internal energy (IE) and enthalpy (1) are all 
state functions. 
Capital symbols are used for state function. 
Heat and work are not state functions. 
Entropy and Gibb’s free energy is also a state function. | 
BOND ENERGY = Cy nal 
The average amount of energy required to break all bonds of a particular typein one mole 
of the substance is called bond energy. 
Unit of bond energy is kJ/mole. 
Factors affecting bond energy 


The bond energy is the measure of the strength of bond. The strength ofa bond depends 
upon the following factors. 


(i) Electronegativity difference of bonded atoms 
(ii) Sizes of the atoms 


(iii) Bond length 
Applications of bond energy 
Relative strength of bonds 

% of ionic character in bond 
Estimation of AH 


AH Bond formation = AH Reactant AH Product 


Average bond energies 


oO 


., 
° 


INTERNAL ENERGY 


During a chemical reaction, the bonds inthe reactants are broken. This is an endothermic 
process; energy is required to doshis) 

After the bonds have been broken, however, the bonds in the products are formed. 

This is an exothermic process; energy is released when this happens. 


The enthalpy change forya chemical reaction can be deduced from consideration of the 
energy required to break bonds in the reactants and the energy released when the bonds in 
the products are formed.dt canbe calculated from the following equation: 

AH = Energy required\to break bonds in reactants - Energy released to make bonds in products 


This method canbe, used to calculate the enthalpy changes for any reaction which does 
not involve ionic bonds; 

The breaking and¢making of ionic bonds involve a more complicated sequence of 
energetic processes and thus cannot be considered in this way. 

INTERNAL ENERGY AND FIRST LAW OF THERMODYNAMICS 


“The, sum of potential energy and kinetic energy of a substance is called its internal 


_ energy.” 


OR 


 } sum of all the possible kinds of energies of a system is called its internal energy 


ee ee 


Topic-8 Thermoche 


=| CRITICAL CONCEPT! 


e By definition standard enthalpy of an element is zero 


: eee Aas . ea than bond broken, then reaction will be exothermic 
Caker than bond broken, then reaction will be endothermic 


Internal energy is comprised of 
Kinetic energy 


O 
> Translational kinetic energy (a) (mono-atomic) o~ piles 
> Vibrational kinetic energy —_(b) (di-atomic) © oO. a 
> Rotational kinetic energy (c) (tetra-atomic) Oe oe 

O Potential energy ®) a 
> ~ Intra-molecular forces 

¥ Inter-molecular forces 

fe) Effect of increase in Internal Energy: 


(i) The temperature of the system may increasé 
(ii) A phase change may occur. | 
(ili) | A chemical reaction may take place. 
FIRST LAW OF THERMODYNAMICS 
(Law of conservation of energy) 
“Energy can neither be created nor_be destroyed, but can be changed from one form to 


another.” 


AE = 4 PAV 
AE = dy 


CRITICAL THINKING Q 


Which of the following element has non-zero enthalpy? 


A. Nas) C. Hg) 
_ B. Brag) . D. Clap) | 
Q.2 Réaction giving most stable product is. | . 
Ay 2Hapey + Ox) —»> 2H20) | AH = -285.5kJ/mol © 
B. C(s) + Ox) ys COxw = AH =-393.5kJ/mol 
C: PClsig) > PCl3g) + Clog) AH = +84.2kJ/mol 


AH = -46.23kJ/mol 
7) N22) ae 3Hxg) 2NHxw) | eo 
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ENTHALPY CHANGE OF REACTION 


Positive or 
negative 


Enthalpy | : Definition Symbol 


The enthalpy change which occurs when the certain 
number of moles of reactants as indicated by the 


May be 
i i t together - 
Enthalpy of balanced enemies a reac i a AH ponents 
reaction completely to give the products under stan ofive 


condition. 
2H) + Org) > 2H20(y AH® =-285.8kJmol” 


The change of enthalpy when one mole of the May be 
mnie Py of | compound is formed from atoms of its elements. AH¢ positive or 
rOFMAHON | Cis Oo > COxg AH®,=-393:7kImol" negative 

The enthalpy change when one mole of gascous 
Enthalpy of | atoms are formed from a molecule or an element AH’ Always 
atomization | Under standard conditions. . positive 
1/2Ha(g) —_ H(z) AH® ,=-218kJmol” 
The amount of heat evolved when one mole of 
hydrogen ions H* from angacid react with one mole 
Enthalpy of of hydroxide ions (OH’) fromya base to form one 
saperiaia jae iad me 
. Example: The enthalpy of neutralization of sodium 
hydroxide by hydrochloricacid is —57.4kJmol'' 
NaOH + HCI@> NaCl. 20 A Hy = -57.4kJmol! 
The enthalpy change when one mole of a substance 
is completely burnt in excess of oxygen under |. ' 
PONY of | standard conditions. AH’ Always 
combustion GSH5OPe) #302 2COr9)+3H20 0 : | , negative 
AH®_=-1368kJmol" 
The amount of heat absorbed or evolved when one mole 
~ pppof.a substance is dissolved in so much solvent that further 
Enthalpy of | dilution results in no detectable heat change. ; May-be 
solution NH,Cl,.+(aq) = NH,Cl AH,,, | negative or 


(aq) 


positive 


AH? = +16.2kJmol" 

| NOTE: @) AHn = -57.4 KJ / mole (maximum for stron 
(ii) AHn > -57.4 (not possible) 

(iii) AHn 


g acids and bases) 


ts : . 
57.4 (when one of the acid or base is stronger and other is weaker) 
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HEAT OF REACTIONS NEUTRALIZATION FROM Px 
There are two basic methods to measure the enthalpy neo 


(i) Glass Calorimeter (AH, and AHs) 
(ii) Bomb Calorimeter (AH of food and fuel) 


RIMENTAL RESULTS 
ctions 


o Theoretical methods for calculation of enthalpy of reaction a scowl 
indirectly ydroxide 
(i) Hess’s Law for constant heat summation 
(ii) Born-Haber’s cycle 


By glass calorimeter 


Glass es used to measure the enthalpy of solution and enthalpy of neutralization. 
By using following relationship, heat of reaction is calculated: 


q=mxsxAT 
Where, 
m = massofre its = ‘@ or ‘Ke : 
} actant, Units g’ or ‘Kg ; Trento Cron fr Le 
s = specific heat capacity of reacting mixture, Needle vaive 
Units = JK7'g"! 
Water. 


Steel bomb 


AT = change in temperature, Units =K 

NOTE; In glass chlorimeter, pressure remains constant. At 
constant pressure q = AH Hence AH canbe determined i. ar 
by using the formula AH=msAT, Where “‘s” is specific heat 


Graphite sample 
Insulated jacket 


of reacting mixture 

By bomb calorimeter 
Bomb calorimeter is used t 
By using following relationships 


© measure enthalpy of combustion and enthalpy of reaction. 


hieat of reaction is calculated. 


q=Cx AT 

Where, | a 
C =Heat¢apacity, Units = kJK 

Units = K | 


(OTE Volifiiéemains constant in bomb calorimElek. | 
: “ 4 5 

Seca s LAW TO CONSTRUCT Sit : - 

(i) Determining enthalpy changes that cannot be found by direct experiment 

ac 


Hess’s law of constant heat summation whether A ey 
Energy contents of a reaction remain we abe ~ x 
reaction takes place in single step OF many 2 \AH AH3/ 
AH = AHi + AH2+ AH3 \ | 
. . lic process is Zero. 
The sum of enthalpy changes '” a cycle P 2. Bore AW oc 


_ 3 (AH) cycle=0 
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and energetics of Chemica] Reactio, 
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Example: 


If the enthalpy of combus | _ 
CO to form CQ; are known, then by using Hes 


for graphite to form CO2 and enthalpy of combué 
tion fo 


tion 0 
w we can determine the enth 


alpy of 
formation of CO. 
Consider the following cycle. 


€ £0,<" 3 CO, 


— -] 
om - Or.) —>CO,,) AH (fonCO strom graphite) =e 93.7kJmol 
CO) + ~o, ——- COxp) A> (tor CO» ftom CO) = - 283 kJ mol’! 
2 ~ Ake 
| ‘ 
C (graphite) + mace PD AH, (CO)=? 


From cycle, it is clear that 

AH = AH}+ AH> 

AHi = AH ~ AH, 

> - 393. 7 — (-283) 

AHy=~- 110.7 kJ mol -! 
So, the enthalpy change for the formation of CO(e) is -110 kImol Bs 
Using Hess’s law for numcrical problems 
Sample problem: Ifthe heats of combustion of CH4, H2 and C2 


Hg are ~337.2, 68.3 and 
—372.8 k calories respectively, then calculate the heat of the foll 


Owing reaction. 


C2H2 9) + 2H) eee: 3 CoHeig) 
Given information: 
74 

1) C,H +=O —-2CO + 

) 2 2(g) 2 2(g) | 2(g) 120) AN= -337.2 keal 
a) HA PV oo. eer H50 , 

| ) (z) /p 2g) 2 (g) AH= -68 3 kcal 

NIH, F%0,, 06 3 

26,9) * 720276) °2(a) 73420) SH 372.8 keal 

Required: . 

‘Heat of the following reaction? 

CH; OR ——+C 
_ 2 2(g) 2(g) 2Ae(g) AH=? 
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Solution: 
Multiply equation 11) by ‘2° and add (i) and (ii) 
4 
C,Hs,., +7 Os, »2CO, . 4 : - 
Xe) 2 A(x) apy 1 2g) AH -337.2 keal 
2H,, , +0 > IHLO : : 
An) *(e) 2(k) AN = 68.3 « 2 =#136.6keal 
C,H ' "0 2H 
a he ” ——2C9,,, +31 = 
204) 2 Ae) Ue) 2p) P(e) AH =-473.8 kcal 
Subtract eq (iil) from above 
7 
CxHye +=92  ——>2W +311yp 10 -379.8 k 
2%) 2 “ig) Pr (g) i aca 
eS Tee ee, ee 
CoH Tie aGoHe AH=101 kcal rol 
~ “(g) “(2) 2° 6(y) cal mo 


BORN-HABER CYCLE OF NaCl 
(Including ionization energy and electron affinity) 
Born-Haber cycle 
Energy change in cyclic process is always zeros It, enables: us to calcu 
energy of binary compounds (ionic); this is called Born-Haber cycle. 
Na* (g) + e" + Cl (9) 


AH, of Cla(g) # + 121 kJ mol "1 (Bond dissociation 
energy Cl3) 


Na* (g) + e + ¥iCla(g)}}AHof CI (g)= -349 kJ mol 
(Electron affinity of Cl) 
Na* (g) + Cl ig) 


late the lattice 


+ 496 kJ mol 4L.E, of Na) 


AH, of Na (g) 
Na(g)+# % Cl2(9) 


AH,, of Na (Ss) F * 108 kJ mol” {heat of atomization of Na) 


Na (s) + % Cl (G) dReactants) AH of Na*Cl (s) ? 


(Lettice energy of NaC!) 


(s) = 411 kd mol” 


AH, of Na* Cl" 
Na'Cr” 


(Final Product) 


| AHian. = AHr- AHx 
AH . =AH at(Na) +AH L.E(Na) tAH yen) 


AH, =108 +496 + 121 - 349 


tAHy acct) 


AH, =376 kJmol! 


AH?, =AH?-AHy = 411-376 => AH? =-787 kJ mol" 
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COURSE CONTEN Simm 


. Oxidation number or state 


6 Explanation of electrolysis (Predict the product) 


@ Electrode potential (SHE and Cell Potential) 


8 Balancing of redox equations by ion-electron method 
° Balancing of redox equations by oxidation number ¢hange method 


® Electrochemical series (ECS) 


’ Rae aN 
BAM Sa 


Electrochemistry 

It is the branch of chemistry which is concerted With te inter-conversion of chemical 
energy and electrical energy. 

o Electrical energy is converted into chemical energy through electrolytic cells. 


© Chemical energy is converted into clecttival energy through galvanic or voltaic cells. 


Onvidation Reduction 
Gain of oxygen Loss of oxygen ; | 
| | 
= oo LT 2 ee Eee 
Loss of hydrogen | Gain of hydrogen - | 
j 
. ry * | Gain Af dln eee 
Loss of electrons including anéde reactions Gain of electrons including cathode reactions | 
Increase in oxidation state Decrease in oxidation state 
i 


Zn — Zn** + 2e” Cr" 436" . Cu 


ONIDATION NUMBERS OF ELEMEN rs 
Apparent charge on an atom of an element in a molecule or an ion is called oxidation 
number. I)may be positive or negative or zero. 


en’ CRITICAL CONCEPT! 


_ Example: ee K2Cr207 NaBrOs 
(+1)2 + 2Cr - 2(7) =0 | + Br + (-2)(3) =0 


+2+2Cr-14=0 a . 
2Cr=+14-2=412 Br 520 " 
> Cr=4+6 et 
Oxidation number of JA group = (+1) Br =4 


Oxidation number of I-A group = (+2) 
Oxidation number of 1I1-A group = (+3) 


Topic-9 
_ Electrochemistry 


1 een recheshatictcnntnscl A 
o Molecular form 
o Bulk/chunk Sake (C) 
C 
Molecular 


ovalent compound 
> Molecular / Bulk / chunk 
Non-Metal — Non-Meta] - 
o Less electronegative non-metal =-+ve 
o More electronegative non-metal =—ve 
Compound |o Algebraic sum of oxidation numbers = 0 
Ionic compound 
> Metal — Non-Metal 
: Metal =+ve . | 
Non-metal =—ve | 
Algebraic sum of oxidation numbers = 0 
- Mono-atomic ion 


> Oxidation number will be equal to the charge 
Hydrogen 


HCl (+1)+ (-1)=0 
Bulk / chunk ‘ 
SiO2 [+4+2(-2)] =0 


Ionic compound 
NaCl (+14 (-1) =0 


Mono-atomic ion 
Cia, 


on the ion. 
Poly-atomic ion , 
> The algebraic sum of oxidation number¢is 


Poly-atomic ion 
SO.? = +6+[-2(4)] = -2 


onic Compound 
NaH (+1)+(-1) =0 
Covalent compound 


Ionic compound 
>» Always —ve oxidation number 
Covalent compound 

» Always +ve oxidation number 
With all elements 

» —2 oxidation number(normal oxides) 
> —1 oxidation number(peroxides) © 

» —1/2 oxidation state (super oxides) 
With Fluorine : 

» + 2 oxidation state | 


CRITICAL THINKING Q 


H20 - 2122) 22=0 
H202 =(+1)2+(-1)2 = 0 
KO2 [+1+2(-1/2)]=0 


‘idati f which element is always negative 
Oxidation numberof © Chlorine | 


A. Fluorine : 
. D. Oxygen 66099 tat ‘ 
Q.2 tn which df the following compounds le number of “S” is in fraction 
_ ; ~C. SO2 . 
. pen | uy D. Na2S406 


REDOX REACTION gether. There can be no oxidation without - 


Oxidation,and reducti 
reduction and vice versa. Thi 
Redox process in terms of e 


‘ ; SO4(aq 
follow ample. Zn) Cu 
owing examp 5. 2 en* Cus) 


place to 
ess is called Redox Reaction. 


r change in oxidation number explained in 


on always takes 
s combined proc 
lectron transfer 0 
) > ZnSO4¢aq) + Cus) 


+2 

* ° » . u 
Its ionic equation IS Znys) + Cue 
71 
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Reduction | 


Cyaxrchatien 


o Zn—->Zn"* +267 o Cu"4+2e >Cu 


o Zinc atom has lost two electrons 
o Oxidation state of Copper hassdecreased 


o Oxidation state of Zinc has increased from 0 
to +2 from +2 to 0. 
o Zinc atom has been oxidized to Zinc ion = ra ion has been reduced to copper 


o Zn atom gives its electrons to copper ionto |o Cu ion removes electrons from Zn atom 
reduce copper ion so Zn atom act as reducing to oxidize Zn atom so Cu ion act as 
agent (Reductant),. oxidizing agent (Oxidant). 


BALANCING OF REDOX EQU 


o Copper ion has accepted two electrons 


ATIONS BY ION-ELECTRON METHOD, 


° Example: (Acidic medium) 
Given equation Cl” + MnO,”- ———>+Cl, + Mn** 
Balanced equation —_||OCI'+16H* + 2 MnO,” © 5€I, + 2Mn**+8H,O} 
° Example: (Basic medium) 
Given equation MnO, aa) + C0," ay + 0>———> Mn0,,,, + CO.) + OH ag) 


Balanced equation 3C,077 + 4H,0+2MnOq —=—> 6CO, +2MnO, +80H™ 


BALANCING OF REDOX EQUATION BY OXIDATION NUMBER METHOD 
_The steps involved can be memé6rized by following sequence 
> Skeleton equation, | 

> Identification of elements whose O.N changed 

> Indication of numberof electrons gained or lost 

> Equating the increase ondecrease in oxidation number -> use suitable multiplier 

> Balancing the rést oftequation > by inspection method | . 
oO Balance the following equation by oxidation number method. 


K,C,0, + HCI———-> KC] + CrCl, + Cl, + H,O 


~ [KiCuO, +44HCI—— 2K cl + 2Grcl, + 3Cl, + 7H,0 


© _ Balance the following equation by oxidation number method. . 

~ Ps HNO; + H20 > H3PO,+ NO 

_ 4e SHNO3 +H20 3H3PO04 + SNO 
_ 9 3P + SHNO3 + 2H0 > 3H3PO4+5NO 

Electrolytic Conduction: 
oa Conduction is of two types. 
@) Electrolytic conduction 
(ii) Electronic or metallic conduction 
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rr rrr ee 
Electrolytic Conduction: 


— 
Sal rt 


tion in which current js cari eas : . 
c hich current is carried by positively and negatively charged ions 


>= calution or in fused state isc : 
solution Or In fused state is called electrolvtic conduction. 
\ 


> 
~ (Chemical change takes place in it. 


Ci 


— 
oe! 


it Ses With increase In temperature. 
Electronic Conduction or Metallic Conduction: 


c 
‘ction of electricity due to free movement of electrons in the metallic 


tar] 
i) 
} 
Ca 
¢ 
io) 


> No chemical change takes place in it. 


~~ 


~ [t decreases with increase in temperature. 


Jonization: 

Tha ne 7*e oR f + QT ; 1 3 Py ; e j ti 

The process of splitting of ionic compounds into charged particles when fused or 
dissolved in water is called tonization. 


The process in which non — spontaneous reaction takes place at the expense of electricity 


is called electrolysis. 

EXPLANATION OF ELECTROI 
The process of electrolysis is carried out by using aqueous 
(a) Electrolysis of Fused Salts 

i) Reaction at cathode: 
When fused salts are electrolyze 
move towards cathode. Cathode provides € 


YSIS 
solution of salts or molten salts. 


d. the metal ionS'ealled cations carrying positive charge 
leetrons t6 them and they get reduced. 


Example: 
In the case of fu 
gain electrons. 


sed PbCl>, Pb~ ions being positively charged move towards cathode and 


Pb; 4+2e° ——> Pb,,, (reduction) 


ii) Reaction at Anode: a 
The anions move towards anode and they lose their electrons at anode and get oxidized. 


Example: : 
ng negatively charged move towards anode and lose 


In case of Pb€lz, Glpions bei 

electrons. 
(oxidation) 

are decomposed during electrolysis. 


s are formed at anode. 


2Cl in — Clog) + 26° 
Similarly»for fused NaCl and fused PbBr, electrolytes 
Na and Pb are produced at cathode while Cle and Br2 gase 
iii) Flow of Electrons and lons 
In the fused salt there is elect 
cellbwhile there is electronic conduct! 
circuit) In, the cell ions mov 


oats as a alee 


Current is conducted by electrons 
outside the cell in the external 
circuit from anode to cathode. 
Current is conducted by ions inside 
the cell from cathode to anode. 


rolytic conduction in the 
on in the external 


pectively- The 


cathode to get oxidized oF reduced res Th 
flow of rhe takes place through external circuit 
| 73 
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Electrolysis of Aqueous Solutions of Sa s . 
he Poni: of aqueous solutions of salt is not so simple and is somewhat 
complicated. The reason is that water molecules are oxidized as well as reduced that is 
why products of electrolysis of aqueous solutions of salts are not precisely predictable. 
Example:  #. em 
Let us take the example of aqueous solutions of NaNO3. It dissociates in water as fo Ows: 
NaNO, = Na*!'+NO}' 
Water molecules also get ionized 
~ =i 
H,O0+H,O —> H30(4) tOH@,) 
i) Reaction at Cathode: 
H30* ions being positively charged move towards 
cathode and get reduced in competition of Na‘! 
ions. : 
H,O'+1le ——>H,0,,+8,, (reduction) 


Similarly, one more hydrogen atom is formed. Then 
both hydrogen atoms react to form hydrogen gas. 


Sy ge is 


2 gas is evolved at cathode. Nat! ion will remain as 
such at cathode and does not get reduced because 
H*! ion has greater tendency to gain electrons. 
ii) Reaction at anode: ' 
At anode, both nitrate and hydroxide ions are 
present. Hydroxide ions are easier fo discharge than . 
nitrate ions. Nitrate ions will remaimin the solution while the electrode reaction is as follow. 
(OH + OM &) x 4 (oxidation) 
The OH groups decomposedo give oxygen and water molecules. 
40H —-> Q2+2H>0 


So, oxygen gas is obtaified at ahode. Na" ions and NO} ions will remain in the solution. 


Cathode “Anode 


Electrolyte — 
NaCl moiten aa 


SS 


* is 107 : 
_ Moles/dm? in water. When these are a 
discharged, more are formed by iS 
dissociation of water molecules to 
give continuous supply of H30*. 


RS 
Ss 
AS 
Bats 


ODE POTENTIAL 
The_potential setup when an electrode is in contact with one 

molar solutionpof its own ions at 298K is known as standard 
electrode potential. It is represented as E°, 7 
When Zn rod is dipped in the solution of its own ions, then Zn contlring 
rod will bear an accumulation of negative charge. This isdueto 


ee BARGE 
charged zinc ions around the rod to form an electrical double  E4vilibrium between zinc 
layer as shown in figure. - and its ions in solution 


Equilibrium can be represented as Zn) —— Zn" (aq) +2" - | 
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ee 
o Electrode potential, of any clement, can be calculated by comparing it with standard 
hydrogen electrode (SHE), 
Types of standard electrode potentials 
There are two type of standard electrode potentials 
(i) Standard oxidation potential 
Zn —— Zn” + 2e7 E, =+0.76V 
(ii) Standard reduction potential | 
Cu” +2e°—>Cu E_,=+0.34V 
STANDARD HYDROGEN ELECTRODE 
Standard hydrogen electrode (SHE) 
SHE consists of 
o Glass Tube filled with Hz gas at 1 atm pressure Pt-foil, 
coated with finally divided platinum black is suspended in 
it. 
o The whole system mentioned above is dipped in IM 
solution of HCI 
© Electrode Potential of SHE is arbitrarily considered as zero 
Electrode potential, of any element, can be calculated by. 
comparing it with standard hydrogen electrode (SHE), SHE 
Reactions that take place in the SHE are 
Hargis) ——? 2H*taq) +2e° Oxidation E.=0.0V 
2H" (aq) + 2e° ——> Hx a5) Reduction Ea 0.0V 
Under standard conditions the é.m.f of S,H.E is defined to be arbitrarily zero volts as its 
oxidation potential is equal, to reduction/potential. 
So E sue = 0,000 V 
STANDARI 


——_—— supply of 
Hydrogen 23 3t 
P= 1 atin 


planmired Pt fod 


IM HC 
solunon 


) CELL POTENETIAL 


CRITICAL CONCEPT! 


In disproportionation reaction, one part ofa 
substance is oxidized and other part is reduced. 


Electrochemical cells 
The cells consisting of electrodes 
dipped into an electrolyte, which n 
the inter-conversion of electrical 
energy and chemical energy 
possible arevealled electrochemic 
Types of electrochemical cells 
(i) Electrolytic cell 

(ii) Voltaic or galvanic cell 


jake 


al cells. 


scat ite at anode during electrolysis of CuSO4aq) 
Q3 Whit of the following will deposit ® Sp 
He 


D. SO2 
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POvoluieGiltinicCd i ia TY fei Col iia oy — 
which redox reaction generates A cell in which a redox reaction ae at the 
electric current through chemical reaction is | expense of electrical energy is calle 
called voltaic or galvanic cell. clectrolytic cell. 
Anode is +vely charged 


Cathode is —vely charged 
Electrical energy ——> chemical enéfp 


Both reduction reaction and oxidation 
Salt bridge is not used{ 


for the “extraction 
latin 


of metals, 
and anodizing. 


Daniel’s cell, Ni-Cd cell, fuel cell 
' Voltaic or galvanic cell 
Two half cells are present in voltaiecell » 
Left half cell (Oxidation half-cell) — 


Zn — electrode is dipped in LM solution of ZnSO, 
Right half cell (Reduction half-cell) 


Cu ~ electrode is dipped,in IMisolution of CuSO, 
Salt bridge 


It is aqueous solution of KCI ima gel 
Working 


© Connect both the half cells electrolytical] 
© Close the external circuit by connecting t 


~_Nelson’s Cell and Down’s Cell 


© The electrons will flogmfrom Zn to Cu through external Circuit. The following reactions 
will occur atréspective electrodes. 
At anode 


ZN) — > Zn?* aq) + 2e- Oxidation 
At cathode 


Cu**(aq) + 2e° ——» Cus) Reduction 
represented by 


Z18)/ Zn** (aq) 1M |] Cu* racy | / 
o emf of the cell i ati ! aa MT Os 


0 


The voltaic cell reaction is 


E°=1.10V 
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Electrochemistry 


Function of salt bridge 
o Salt bridge acts as a passage for the 
transfe - 
'o left half-cell. r of negative ions (SO4”) from right half, cell 
o Ifthe exchange of SO,” ions is 
stopped, then the oxidation- 
reduction reaction will stop due to 


Salt bridge 


charge accumulation in both half £ 
cells. Zinc Anode (-) 83 
68 


: . i Glass wool pl : 
Replacing the external circuit by a prevent the fone 


source of high voltage can reverse S™ton 
the voltaic cell reactions. Such 
; ZnSOx 
cell is called reversible cell. 
CALCULATION OF STANDARD CELL POTENETIAL 
o Electrode having higher position in series will act as an anode, Puatien will take place 


. CuSO.(sq) 


on it | 
o Electrode having lower position in series, will act as cathode, reduction will take place on it. 


For example in Cus + Zn) ——> Cus) + VA ies 


Zn is at higher position in series so act as anode and oxidation will take place on it and 
Cu is at lower position in series so act as cathode and reduction ill take place on it. 


Standard Reduction potential of Cu 
Cu** +2e = Cu Berea +0. 34 Volts 


Standard Reduction potential of Zn : , 
Zn*? + 2e° ——> Zn E?rea = -0.76 Volts 


Standard Oxidation potential of Zn 
TS Zn* #2e° E°oxi= +0.76 Volts 


Eo ce= E°oxi + E°red 
Eo a = +0.76 + (+0.34) 
x? ce ell = 1. 10 Volts 


Cu,?, fa Zns) > Cu) + Zingay Een = I. 10 Volts . 


Standard cell ad of Zn-Cu cell is 1.10 volts. | 
USES OF STANDARD CELL POTENTIAL 
(i) Explain/deduce,the direction of electron flow in the external circuit 
| In vol !-electrons travel from oxidation half-cell to reduction half-cell externally 
ve from anode to cathode. 


of electrons is 
throughwoltmeter. So eae to Cu through external circuit. The following reactions. 


OMpThe electrons will flow from 
Wilhoceur at respective electrodes. a 
a Zs) > Zn**(aqy + 2€° oxidation 
5 ’ 


At cathode Curtaay + 26° 5 Cus) Reduction . 
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(ii) Prediction of the feasibility of a chemical reaction ee al 
If the sum of E®° values of the two half-cell reaction is positive, the reaction Is feasible 
(spontaneous) and if it is negative then the reaction will not be feasible (non- 
spontaneous). 
Cuj, + Zins) —> Cugy+ Zn72 
Voltaic cell consist of two half cells. 
Methods used to measure the standard electrode potentials of metals 
o Concerned electrode is joined with SHE and form a voltaic cell 
© Salt bridge is used to connect both cells, filled with solution of KCI 
o Voltmeter is attached to measure electrode potential 
° 


Oxidation or reduction reaction occurs at SHE depending on the nature ofthe concerned 
electrode. 


When reduction occurs on SHE, voltmeter reading ~———— 
will be +ve. 


EL teell) = 1.10 Volts 


.@] 


CRITICAL CONCEPT! 


Am electrode potential is measured by 
finding the emf of a cell composed of the 
electrode and a standard electrode, e.g. the 
SHE whieh has E = 0, or the calomel 


elecifode. 


2H" (ag) +2¢—> Hag2s) 


o When oxidation occurs on SHE then voltmeter 
reading will be in -ve 


SHE act as cathode when connected with £n.Potential 
of Zn is called oxidation potential that is +0.76V 

sO its reduction potential is—0.76. SHE acts as afiede when 
connected with Cu. Potential of Cu is called eduction 
potential that is +0.346V so its oxidation potential 0.34 


Hopas) ——— 2H" jag) +2¢° 


Reduction potential of § 
Cu is #O34V 


Reduction potential of 
Zn is -0.76V 


IM 2080, 2 iM HCl 


Q4 Agee between which two substances is not feasible 
aye oe + Zn C. ZnSOs+Cu 
» FeSOg + Zn D. 2HCI + Ca 


topic-9 

TOP iB ectr ocho 

Wer clencnisae aan litle ELECTROCHEMICAL SERIES 

on the hydrogen scale ts m the order of their increasing standard reduction potentials 
» the resulting list is known as electrochemical series. 


=“ Electrode Standard Reduction Potential 
(E’) 
Li Li' +e Li 
‘ K+e>K 3,045 
Ca" + 2e> Ca -2,925 
Ma Na’ +e—>Na -2.87 
Mg 5 Mg” +2e—> Mg -2.714 
= . ; Al* +3e— Al A 2.37 
a 8 |5 Zn*+2e->Zn 2/8 -1.66 
Cro Ele Cht3eocr gle 0.16 
Fe Ba Fe +2eoFe | EF 20.74 
Cd a/3 Cd*+2e>Cd 3 8 -0.44 
Ni gy Ni*+2e>Ni Ele 403 
sn gy} 5 Sn*+2eSn 8]? -0.25 
Poh = BRP + 2e->Pb B/E 0.14 
Hi B18. OW +2e>H, 88 0,126 
Cu | Cu +2e>Cu. ele 0.000 
; 10.34 
Cu 3 Cu’ + ¢—> Cu 18 ee 
|, 4 |, +2¢ 21 | foe 
Fe. . Fe” + 36 >Fe sissies 
= =) Aa $0,794 
Hg | Hg” + 2e'—> Hg ieee 
Bis <Brt2e>2Br- : 4 i 
Cl, 7 ne 2cl +1360 
Au 7 Au” +3e-> Au 41.50 : 
A ¥ 496 2F 3 ee 


ii, See 
EASY TO RECALL ECS 


Can (Ca), Send (Na), Monkey (Mg), 
Crows (Cr), In (Fe*’), Cubic (Co), 


Little (Li), Kinza (K), 
Elephant (Al), Zebras (Zn), 


Nickel (Ni), Tin (Sn) Lead (Pb), Hut (H2) ‘ 
‘Cute (Cu*?) Cute (Cu*’), Imported (Iz), Iron (Fe*?), Silver (Ag), 


Hyderabadi (Hg2"?), Bangles (Br2), Collected (Clz), All over (Au), 


Finland (F2) 
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Energetic of bond formation 


Atomie size, lonic radii and covalent radii 
lonization energy 

Electron affinity and electronegativity 

Bond energy and bond length 

Types of bonds 

Electrovalent or ionic bond 

Covalent bond 

Co-ordinate covalent or dative bond 

The valence shell electron pair repulsionstheory 
Postulates and applications of VSEPR theory 
Sigma bond pi bond 

Hybridization (sp, sp’, sp) 


lonic character of covalent bond (Dipole moment) 


Chemical bond 


© The force which holds two@r more atoms or ions to form a large variety of compounds is 


called chemigal bond. 

Causes of chemical combination 

Atoms of elements’ combine with each other to stabilize themselve 
necessary for theif satisfaction; 


© Every atom tries fo attain electronic configuration near to a noble gas, (W 
octel rule). The tendency of atoms to attain a maximum of eight electrons in the 


shell is called octet rule. 


s. Two factors are 


ants to follow 
valence 


© Lachatom tries to attain lowest energy state because it is a stable state. 


lonization energy is the index of Metallic Character 


Low I.E — metals, Intermediate I.E — metalloids and high 1L.E — nonmeta 
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Atomic radi: = = 
3 i radii lonic radii Covalent radii 


: ah “rage == It is the average | It is the half of the | 
d ce between the | a2. g ) te | 
mas ~ a ewewecen the — distance between the —_|_ single bond length 
ia . a stom and | nuclei of an ion and its | between two simil . 
nang Outermost electronic —|_ atoms covalently . 
ead along the ‘From i pager gE bonded in a mglecule _| 
~ eieee om ‘rom left to right, it From left ta 
period _ , Cecreases i decreases _ decreases 
Trend down the increases fram top to | Increases from top to. | Increases fre 
group _zotiom _______| bottom _bottog 


Effect of the 


: Cie ¢ rees t< ry IPO ee 
So fa) ™ ™ + 4 aPeCT " “* 
shielding effect adi: results in larger radii 
NOTES Cabonie racius ts smaller than parent atom while the anionj 


a ee a A ee Pe re Ale | a a nr 


Energy required to | Energy rele$ 

remove an clectron an ie endency of en atom 
eal mowe an ciectro | an clec 4 ‘ ‘ ; 
Definition . oe | ' to attract a shared pair 
rom the outer mosi the ou 
| of electron 
_ sic of gascous Blom | pascou _ + as 
LP us lesser, 7™ 1s jell nic | 


First, second and ye 
third energies 
Stee 


Trend down the Top to bottom 
group decreases 


ELA 


Not applicable 


& bs af 
higtact 
3 


Generally top to 
! : battom decreases 
g¥ is absorbed fe 


eon 


“Trend along the | Generally left 


Left to right increases 


* 


| E.N decreases as 


ate ae a vs aE ren 


Generally EA 


Effect of atomic LP ces as alomi peer ae 
pe | | GECTEESES 63 BORIS | atomic size increases 
ure | size increases _ = 


eee 


$+ ra icicar | Generally high nuclear 

Effect of nuclear - Wrluc of | charge, high value of 

charge LE 
ciding ss 


| High nuclear charge, 
high value of E.N 


Greater shielding 
effect results in lesser 
fom as 

| EN value | 


| Effect of the 
‘Shielding effect 


ete ee 


 eheir IE values W= 899kd/mol, X= 738kJ/mol, Y= 
re four elements with their | 7 ree . 

ee | en, which one has highest metallic character 
fmol and Z= 549kJ/mol are given my 


D. Zz 


Topic-10 Chemical Bonding 
SSS 


Exceptional Cases of Ionization energy: 
LE of WA > ITA and VA > VIA 


(i) Electrovalent or ionic bond 

(ii) Covalent bond 

il Co-ordinate covalent or dative bond 
ELECTROVALENT OR IONIC BOND 


CRITICAL CONCEPT / 


In some ionicecompounds there is a 
degree of sharing of,electron clouds 
between cations and anions. 


Ionic Bond 
The electrostatic force of attraction between 
oppositely charged ions is called ionic bond or 
electrovalent bond. 
OR 
_ lonic bond is formed by the complete transfer of 

electrons from more electropositive elements to more 
electronegative elements. 
Conditions necessary for ionic bond formation 

o Electropositive elements with low ionization energy 
like I-A and II-A that lose electron and form cation. 


o Electronegative elements with high electron affinity like VI-A and VII-A that gain 
electron and form anion. — 


lonic bond is non-rigid and non-directionaly > 
(1) Formation of NaCl 


(i) Nag) ——> Na ot ler AH= 496 kJ/mole 
2,8,1 2,8 

(ii) = Clg) + le7—>Cl-® AH = -349 kJ/mole 
258, 7 24 8, 8 


Then sodium and chloride ions combine to form NaCl. 
Na(,) +Cl'(gy —4NaGlg) AH, =-787kJmole! 
(2) Formation of CaO 


(i) = Cag) ——>.Ca’?Q) + 2e- AH = 1735kJmole™ (I) = 590 + In = 1145) 
2,88,2 4 2,88 
(ii) Og #260 +307, AH = 639kJmole™ (E.A, =-141 + E.A> = +780) 


aa 2,8 
Then Ca and O combine to form CaO. 


Ca.) + O (g) ——> CaQ,s) AH, = -3414kJmole™! 


CRITICAL THINKING 2 


‘Q2 4 Which of the followi 


ng compound h i ioni 4 
ANaCl £ Compound has oa lonic character? 
B. CsCl D. CsF 
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Dee eee 


COVALENT BOND 


(i) Covalent Bonds ) 
A bond formed by mutual sharing of electron between the two atoms is called covalent bonds 
Hydrogen molecule | 
When two hydrogen atoms share their valence electrons, a covalent bond is formal: 

Hx+eH —+ Hx*H or H—H 
Chlorine molecules . | 
When two chlorine atoms share their. valence secon a covsient bond is formed. 
Ch + -Ci—:Ch-Cr or Cl—Cl. 
Hydrogen chloride molecule = fy... | or H—-Cl 


Methane molecule — HCH 
H 


Oxygen molecules 


When two oxygen atoms share their Jali electrons, a 1 double covalent bond is formed. , 
625 eo 

Ethene & : 

When two carbon atoms share their valence slecttons a double covalent bond’ is formed. 


Each carbon atom makesitwo bonds separately with two hydrogen atoms. 


_ H _#H 
oa: @ or C=C 
x “oy Jf % 
H H H H 


Carbon dioxide: | 
Two carbon atoms two bonds with each of the onyeen atoms separately. 
xx xx : xx xx 


xe CC sx or OFC= 


“x ; xx KK 


« 


x 


(es ‘; A bond fanned by the sharing of oe electron from each of the bonding atoms is called 
single Dovalent bond. It is re resented by (— . 
A bond formed by sharing of two electrons from each of the bondin atoms is called 


called as triple covalent bond. It is represented b three dashes Ey 


KETS - PREP BOOK , . | . 83 


Topic-10 Chemical Bonding 


TYPES OF COVALENT BONDS 


Non-polar Covalent Bond 


Polar Covalent Bond 


A covalent bond Batwesh two dissimidl 
A covalent bond between two similar atoms or 


atoms having appreciable electronegativity 
those having negligible electronegativity 


difference. 0 — 0.4 


difference but less than 1.7 and(gréatemthan 
0.4 


The shared pair of electrons is equally attracted 


The shared pair of electron is un- equally 


by the two bonded nuclei attracted by the two,bonded nuelei. 


Electron cloud is symmetrical around the two _ | Electron cloud is unsymmettical around the 


nuclei, two nuclei. 


Partial positive and partial negative charges 


No partial charges appear on the molecule 


appear because of unsymmetrical electrons 
because of symmetrical electrons cloud. 


cloud. 


No polarity is developed on the molecule. 


There is polarity in the molecule. 


Compounds having non-polar bonds have Compounds having polar bonds have strong 


weak intermolecular attraction. intermolecular attraction usually 


Compounds having non-polar bond have low Compounds having polar bonds have high 


boiling point and melting point with less 


solubility in water. > 
It isa weak bond ~ , ‘> | 
oF 


PROPERTIES OF IONIC COMPOUNDS AND COVALENT COMPOUNDS 


LNo. |___Propertics Covalent Compounds 
1 | _| Non-conductor but 
Conductivity 


electrolytic solutions are 
conductor 


melting point and boiling point with high 
solubility in water. 


It is a. strong bond. 


Example: H®*— 


Conduction of electricity 
Non-conductor in solid state. 
Conductor in fused or aqueous state. 

Low melting point and 


2 Thermodynamic or . : 
Alignment The bond is non-directional and non-rigid. na Sa is directional 
Crystalli = 
( -,) =a Show isomerism 


54 | Reaction rate Rate of reaction is low 


Like dissolve like 


Show polymorphism_and ipOMLOrplsM: 


Rate of reaction is ver hig 
Soluble in polar solvents. 
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€O-ORDINATE COVALENT BOND (DATIVE BOND) 
o A covalent bond formed by the donation of an electron-pair by one of the bonded atoms to 
other is called Co-ordinate covalent bond or dative or Donor-acceptor bond. 
o Co-ordinate covalent bond is formed by overlapping — 
of one completely filled orbital with one empty orbital. .} CRITICAL CONCEPT! |. 
o Anatom that donates an electron pair is called donor | 
atom (Lewis base) and one that accepts an electron In Co-ordinate covalent formation 
pair Is called acceptor (Lewis acid). (i) If both donor and acceptor are 
9. This bond is represented by an arrow pointing from neutral, before the \ bond 
donor to acceptor. formation, then donor will get 
Ammonium ion formation positive charge andpacceptor will 
o Nitrogen in NH3 donates its lone pair to H* to form get negative charge after,the bond 
Co-ordinate covalent bond and to give *NH4 formation. 
(Ammonium ion). In ammonium ion all the bonds. (ii) If donor is neoativAll charged 
_ behave alike with 25% coordinate covalent and acceptor is\positively charge 
before bond. formation, then both 
will become neutral after bond 


and 75% covalent character. 


H H formation 
| | ? 

H—nfe he —3 -H— N*> H | ) 
H H 


Ammonium ion 
Similarly, N-atom in primary OVD) 7 ANH) & tertiary amines (R3N)form 


this bond with H*. 7 
Dative bonding between NH and BE 
Nitrogen atom in NH, have lone pair and it donates it to Boron in BF3 (which is electron 


~~ deficient of octet) to form a co-Ordinate covalent bond. 


H F yy VY 4 
H— 1 + “BF Gp > yp BF 
H - F F 
Donor Acceptor _ (Complex) 


Tm this case donor develops a positive charge and acceptor gets negative charge. 


Hydroniums ion formation 
Oxygen in water donates a lone pair to form co 


this bofideformation, distinction between covalent an 
ie. All the bonds behave alike with 33% a a covalent and 66% covalent character.” 


-ordinate covalent bond to give H30°. After 
d Co-ordinate covalent bond vanishes 


H : 
f 4 1 
G+ H 8 OR Q" 
Jo\- fF i 
H H H 
Hydronium Jon Hydronium Ion 
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CRITICAL THINKING 6) penn 


Q.3 Which of the following has maximum number of bonding electrons? 


A. QO: B, CO) 
C. NH; D, H:O0 
Q.4 Which sub-shell of B accept the electron pair from NH3{NH3-> BF] 
Av Is ° B, 2s 


- C.2p D. 3p 


“The valence electron pairs (lone pairs and the pond <— are ‘arranged around the 
central — to remain ata maximum distance apart to keep#epulsion at a minimum,’ 


Introduced by Siew ick and Powell and Nylholm and ._ & 
Postulates: 
© Both lone pair and bond pair determine the geometry of the molecules 
Lone pair occupies more space than a bond pair 
The magnitude of repulsion i is in the following order 
Lone pair — Lone pair > Lone pair — Bond pair > Bond pair— Bond pair 
Multiple bonds behave like a single bond in determining the geometry of the molecule. 
NOTE:Lone pairs are closer to the nucleus than marding pairs and exert a greater repulsive 
force. 


2 oo 6 


ree | ee : 
ap) Costes AAD ICS 


BeCh, . 
HgCh, CO2 


> 
ee 
ww 

nN 
i) 


Trigonal 
planar 


BH3,BF3 
AICI, SO3 
AB; 


Bent (or 
angular 


SnCl2,SO2 


CH4,SiCls, 
CCly,.BFs 
NH4s* SOs? 


Tetrahedral 


Tetrahedral 


Trigonal 
pyramidal 


NH3;,NF3 
PH3 


K py 
re 
less then 109.5" 


p<A 2 


less thes: 109.5° 


Bent (or 
angular) 


H20, H2S 
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SSS _—enx\e—————————__——$_——<—<$<_<—$aa@uuu<eceeee—w 
Limitations 
e VSEPR theory predicts and explains the shapes of molecules but does not give ¢ 
reasons for the formation of bonds. | | 
e It is not applicable for single bond pair system means di-atomic molecules: 
e Complexes do not follow this theory. | 
“SIGMA AND Pi BOND (VALANGE BOND THEORY) 
Postulates of VBT: | 
e Over-lapping is a necessary condition for bond formation. = ¥ _ : y 
e Only half filled orbitals participate in overlapping during covalént bond 
formation. , > 
e Greater the overlapping, stronger is the bond formed. : 
e Electrons with opposite spin pair up to stabilize themselves during bond 
formation (overlapping). | | 
Sigma(c ) bond: A bond formed by head to head (end.to end) overlapping where the 
probability of finding the shared pair around the line joining the two nuclei is 
maximum is called as.sigma bond. | . 
Pi(m) bond: A bond formed by the parallel overlapping where the probability of finding 
shared pair above and below the line joining the two,nuclet is maximum is called pi 


bond. 
| | m-bond is a weaker bond than sigma bond. . 
H2-molecule 


When two hydrogen atoms approach each other, their half-filled 1s orbital undergo ; 
overlapping to form a sigma bonds One electron from each of Is form a pair called — 


shared/bond pair. 


HRS 


Separated H atoms Overlapping of orbitals Covalent bond in He 


HF molecule 
The electronic configuration of both atoms are 
Hi=ls! 
Fy = Is”, 2s”,2p74 2P*ys, 2P 2 | . | 
Y A om H-atom and 2pz from F-atom) undergo linear 


The two half-filled orbitals (1s fr yr n) underge 
overlap and form/a sigma bond. The two unpaired electrons with opposite spin paired up. — 
Overlap region, s-p : 


-$- -@O/o- Ke SD ad > ~~ 
: 2p: <_ | 
‘ H* °F: H—F : : 


O2 molecule , a : 
The electronic configuration of oxygen atoms 1S Os=Is°, 2s”, 2p*x, 2p'y, 2P!, 
Each oxygen atom has two partially filled p-orbitals i.e. Py and pz. One px orbital from 
éach of the two oxygen atoms undergo linear overlapping to form a sigma bond. 


Whereas, two pz orbitals from each oxygen atom undergo parallel overlapping to form a 


pi-bond. 
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n-cleciron 


Formation of ©, molecule 


COMPARISON BETWEEN o-BOND AND z-BOND | 

MNES i211) bone i bond WE 
A bond formed by linear overlapping of two A bond formed by the sidewise overlapping of 
half filled atomic orbitals of adjacent atoms is | two half filled parallel atomic orbitals of 
called a sigma bond. 


| adjacent atoms is called a pi bond. 


Electron density is concentrated around the Electron density li¢s above and below the 
It has only one lobe of electron density It has two lobes of electron density on 
Only one sigma bond can exist between two One ormore pi bonds can exist between two 


It offers free rotation about the bond axis It.offers no free rotation about the bond axis. 
| It has no nodal plane. It has a nodal)plane along the bond axis. 


The sigma bonds present in the molecule Pi bond has no effect on the shape of the 
determine its shape. : | molecule. ae 


ee FO MIC ORBITAL HYBRIDIZ 


Hybridization | 


ATIO 


A process in which atomic érbitals of different energies and shapes are mixed together to 
form a new set of equivalent orbitals of the same energy and same shape is called 
hybridization _ 

© Hybridization is a process of mixing of orbitals in a single atom (or ion). 

o Only orbitals of comparable (relatively close) energies can be mi 


xed to form hybrid 
orbitals. . | 


o The number of hybrid orbitals is always equal to the number of orbitals which are mixed. 
© Once.an orbital has been used to form hybrid orbitals, it is no longer available for the 
electrons. 
Hybrid atomic orbitals 


The atomic orbitals of same energy, which have been formed due to mixing of different 


orbitals of different energies, are called the hybrid atomic orbitals. 
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TYPES OF HYBRIDIZATION 
In Hydrocarbons 


Mixing of one-s and 
one p-atomic orbitals 


Percentage s & p . 
chracter 25% s and 75% p 33.3% sand 66.7% p_ | 50%s and 50% p 


Structure of hydrocarbons on basis of hybridization 


Number of Scae ane ce 
bonds Dieter i bonds 


Bond energy 
The average amount of energy 


equi to break all bonds of a particular type in one mole 


of the substance is called bond energy. 


o Unit of bond energy 1s kJ/mole. 


Factors Effecting Bond Energy 


is the measure of the strength of bond. The strength of a bond depends 


The bond energy 


upon the following factors. 


(i) Electronegativity difference of bonded atoms — 


~ @i) Sizes of the atoms 
(jiiyBond length 
ativ) Nature of orbital 


Applications of bond energy 
o” Relative strength of bonds 
“6 %of ionic character in bond oo a - 
o Estimation of AH (Difference of bond breaking and bond orming energies) 


KETS - PREP BOOK. 89 


: Topic-10 Chemical Bondi 


ng 


Bond Length | ; 
. The distance between the nuclei of two atoms forming a covalent bond is calléd bond length. 
© Techniques used to determine bond length are electron difffaction, X-ray diffraction or 
' Spectral studies, — 


Greater the E.N difference between bonded atoms, shorter will be bond length. 
lonic character shortens bond length. 


Greater the atomic radii of the bonded atoms largef will be the bond length. 
Involvement of n-bond reduces bond length. 


Greater s-character in the hybrid orbital lower Will be thé bond length 
Along the period, bond length decreases. 


Down the group, bond length increases, 


-O 
° 
© 
© 
° 
° 
° 


ee 
Baebes Ses 1 


| CoH (sp? 
is hybridized 


C2H2 (sp 
hybridized 


oe 


roduct of el 


Formula: 
The mathematical form is, M=aqxr 
Where pt = dipole moment, _ 
q = charge, 
. r = distance between the center of charges 
nit: . 


Its unit is mC (SI unit) or Debye (D), 1D = 3.336 x 19°30 
Applications: 
Determination of polarity of molecule: 


Molecules which have zero dipole moment are non 


| -polar whereas molecules which have some 
dipole moment are polar. For example benzene has 


Zero dipole moment, so it is non polar. But 
chlorobenzene has dipole moment of 1.54D, so it is polar. | P 
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The study of dipole moment also finds applications in stereochemistry. For example, dipole 
oments of isomer |,2-dichloroethene have been calculated are given below: | 


m 
H Cl ~H H 
Cl H Cl . Cl 
Trans Cis 
u=9D = 1.89D 


Thus knowing the dipole moment of the given sample of 1,2-dichloroethene, one Can predict 


whether it is Cis or the Trans isomer. 
Calculation of Yoage ionic character in a bond: 
It is used to find the %age ionic character in a co 


Hobs) x100 
. ionic) 


mpound by the following formula. 


%age ionic character = 


Relation between molecular geometry and dipole moment ¢ — 
‘Dipole Moment. |: Molecular:Geometry fo) Examples | 


May be zero . 
J Linéamr = 


Can be non-zero 


BH3,BF3 AICls, SO3 
NHs3; NF3, PH3 


PCls, PFs, [Fe(CO)s] 
— SFe, [Co(NHs)s]*° 


ature of bond 


between two atoms is zero or < 0.4 then bond will be 


fference between two atoms is greater than 0.4 and less than 1.7 


(ii) If electronegativity di 
then bond will be polar covalent bond - 

(iii) If electronegativity differe al to 1.7 then 50% ionic and 50% covalent 
character = : | | 


nce is equ 


eater than 1.7 then bond will beionic | 


difference is er 
but it is polar covalent bond 


in H—Fis 1.9 
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“COURSE CONTENTS 


o Electronic configuration. 
e —. Chemical properties of s-Block elements 
—  @ Group-1 Elements (Alkali metals) 
: ° Atomic and physical properties 
° Trends in reactivity - 


e Group-2 Elements (Alkaline Earth Metals) . 


e Trends in reactivity 
© Chemical and physical properties 
e Group Trends (Atomic & Ionic Radii, Jonizationyénergy electron affinity melting and 


. boiling points, Electrical conductivity and Electronegativity) 
Reaction of Group III-A Elements (With Water, Ox 

_ INTRODUCTION: 
Modern periodic law (Moseley) 


The physical and chemical.properties of.elements are the periodic function of their 
atomic numbers. 
Periodicity 


The repetition offproperties after regular intervals is called periodicity 


THINGS TO REMEMBER 


Periodic:Table Elements arranged in order of increasing proton number 


Il (valence electrons) . 


Group Number Number of electrons in outermost she 
Period Number Number of shells of electrons 


Valencé Electron Electron in outermost shel] 


Metals _ | Elements with 1-3 valence electrons except boron 
Non-metals _ Elements with 4-7 valence electrons 
« Inert gases Elements with full outermost-shel] 


Periods 


© The horizontal rows of elements in the periodic table are called periods. 
© All elements in a period have same number of Shells. 


o There are seven periods in the periodic table that are known by Arabic numerals i to 7. 
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p-block | d-block f-block 


ae elements | elements 
Shortest 
Pfs a 
| Short eae 
ci 6 

ee 
en oer 


> Lithium and Beryllium in the second period resemble in mosteof their properties with 


a 


Sodium and Magnesium in the third period respectively. 


> Boron in the second period and Aluminium in the third\period have same oxidation state 
of +3. , | | 
> Fluorine in the second period has close resemblance wiih ehioufen in the third period. 


s-Block Elements: | 
The elements in which s-orbital is under the process of filling or has filled are called s-block- 


elements. It may also be defined as the valence electrons in these elements occupy the “s” 
__ orbital. | 


Example: 
For example, the elements of IA (alkali metals) and I[A (alkaline earth metals) groups 


constitute the “s” block of the periodic table. s-Block elements consist of only metals. 


p-Block Elements: 


The elements in which p- 
be st as these elements have outer electronic configuration of 


orbital is under the process of filling or has filled are called p-block 


elements. It may also 
ns’np'*, 


Example: 
Group IIIA, IVA, VA, VIA, VIIA (halogens) and VIIA (noble 


For example, elements of 
own as ee elements. p-Block elements include both metals 


gases or zero group) are kn 


‘and nori-metals. 
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VARIATION IN THE PHYSICAL PROPERTIES OF ELEMENTS BELONGING TO PERIOD 


2 AND 3 


Trend along a 
period (from 
left to right) 


Trend inagroup | — Responsible: = 


Property Definition (down the group), |. ms Factors, 


Half of the distance 
between the centers of two 
adjacent atoms of any 
element. 


Nuclear charge and 
number of shells 


Atomic radius Increases Decreases 


Distance between the center 
of anion and the outer _ 
boundary of its electron 
cloud. 


Decreases for 

iso-electronic 

+ve and —ve 
ions. 


I-A toIV-A 


(for similar 
‘charged ions) 
increases 


Nuclear¢harge and 
number of shells. 


Ionic radius 


Specific temperature at In case of IA and 


Number of valence 


Melting and which an element changes IIA decreases and increases 
boiling points to Niciid Ghdateoues 3 for VIIA electrons. V to VIII 
q 6 flea increases : decreases 


Minimum quantity of . 

energy, which is required to 
remove an electron from 
the outer most shell.of its 
isolated, gaseous atom in its 
ground state. 


Nuclear charge, 
atomic size and 
shielding effect. 


Ionization energy 


Decreases Increases 


LEandE.Aof — 
| bonded atoms 
The structure of the 
atom and the - 

number and kind of 
atoms with which it 
‘may combine. 


Size of atom, 
nuclear charge and 
vacancies in 
valence shell. 


The tendency of an‘atom to 
attract a shared electron), 
pair towords itself 


Electronegativity Decreases Increases 


Energy releasedior - 
absorbed; when an electron 
is added to aaseous atom 
to form a negative ion. 


Electron affinity . Decreases 


| Increases 


Tendency to lose electron and 
form cations and basic 
oxides. “25 


‘Metallic 
character . 


Atomic size and 


Increases : 
nuclear charge. 


- Decreases 


(increases for IA 


Electrical Ability to conduct — areeui frend Lose electrons in . a. 
conductance electricity. ae . Decreases 
| for transition ge : 


metals 


The most E.N element in the periodic table is fluorine. On Pauling scale its value is 4.00 with no unit 
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GRAPHS'FOR VARIOUS ERENDS IN PERIODIC TABLE 


1) Atomic radius 


Atomic radius 


Atomic number Atomic number 
2nd Period 3rd Period 


Down the group 


Br 


Atomic radius 
wo 
0 
Ls 
ec 
Atomic radius 


Alomic number Atomic number 
I-A VII-A 


(ii) Tonic radius 


Along the period (left to right) 
4a 


3 ec} 

= =) 

— ine} 

E g 

2 4 

= re 

= JS 

= n 

oF) U 
Alomic number Atomic number 
2nd Period 3rd Period 


Down the group 


Cationic radius 
Anionic radius 


Atomic number Atomic number 


i VII-A 


Along the period (left to right) 


= = 
= 2 
=o = 
= = 
ic Number Atomic Number 
oe pl 3rd Period 
Down the group ie 
; S47 \A_ os 
=| r= 
£ f= 
= Sr Ba ee 
2 Me & cl Br 
2 cee: 
a 
Atomic Number - Atomic Number 
I-A VII-A 
: ) 95 
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Along the period (left to right) 


Boiling Point 
Cc 
Boiling Point 


i=) 
cS 


Atomic Number Atomic Number 
2nd Period 3rd Period 
Down the group 
Be 
= = Ba = Br 
= E 
jae Ca 0 Cl 
4 ot) 
= = 
a Mg 2 5) 
Atomic Number Atomic Number 
I-A VII-A 


Along the period (left to 


> > 
ou col 
[3 ) ce} 
= i=] 
oO uw 
& a 
2 aS 
i c 
& 2 
Atomic number Atomic number 
2nd Period | 3rd Period 
Down the group 
ae” > 
eo Mg oy 
2 Ca = 
: 5 Sr oO 
= 
6 Ba = 
-_ = 
R AS) 
= a = 
) oS 
a? ome 
Atomic number Atomic number 
I]-A VII-A 
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Topic-11 s and p Block Elements 
GROUP-IA ELEMENTS (ALKALI METALS) = : 
-Atomic and Physical Properties of the Group 1 Elements (Alkali Metals): 
This section explores the trends in some atomic and physical properties of the Group 4 
elements - lithium, sodium, potassium, rubidium and caesium. 
Trends in Atomic Radius: 
As we move from lithium to caesium, an extra shell of electrons is added to each element. 
The addition of an extra shell increases the atomic volume and hence atomie and ionié 
radii (of M* ions). 


0.3 


atomic 
radius 9.2 


Property [Lis SON +d 
[Atomic weight [6.94 | 22.99 _| 


Atomic (i.e metallic 1.55 
radius for coordination 
number 12 

Covalent radius 1.23 1.54 
Ionic radius of M+ 0.95 
ions 


K 
B9. ING 


os 
i=) 
=| 
=. 
< 
= 
S 
=| 
) 


85.47. 13291 
55.8 69.95 


v.35 2.46 Zz 


6 


: (805.7978 287 


Boiling point 1330 892 688 | 670 


Ionization energies 520.3 495.8 418.9 403.0 375.7 


ay 2S. amcor: 
Standard oxidation ¢ 3:04 2.71 
eV/ion)4 


Hydration energy 505 475 384 


2.03 
1.33 


. £. 
; o 
= 


— 
oS) 
an 


2925 2.99 3.03 


1.2432 


1.032 0.984 


0.9024 
kJmot! 


Color of the flame Crimson Golden Violet Reddish 
Heat of atomization at | 1.74721 1.0432 Oa 

eat of atomization a h : 1.032 0.98 
25°C (eV/atm sith 


Jonic conduction of 33.5 63 


en 
Q 
EE, 


M+ ion 
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Zi REACTIONS OF GROUPIATELEMENTS WITH WATER 
e The reaction of alkali metals with w ater is highly exothermic. 
e Asmall piece of Li, Na and K floats on Water. 
e They react vigorously and liberate metal hydroxide and hydrogen gas.“ These 
reactions are highly exothermic. 
e The energy which is produced can burn the hydrogen gas. It is for this’ reaSonthat 
alkali metals are stored in kerosene or paraffin oil. 
2Na + 2H ,O—>2Na0H + H, AH = -ve 
e The reactivity of alkali metals with water becomes more and mO@re,vigorous as we 
move down the group. 
eK, Rb and Cs are so reactive with water that they react with i¢e at —100°C. 
REACTIONS OF GROUP-IA WITH OXYGEN 
Reactions with Oxygen: 
This topic mainly looks at the reactions of the Group-! A elements, (lithium, sodium, 
potassium, rubidium and cesium) with oxygen-including the simple reactions of the 
various kinds of oxides formed. 


Reaction with Air or Oxygen: 
Alkali metals react with O; or air rapidly and thus get tarnished due to the formation of 


their oxide on the surface of the metals. It is for this reason that alkali metals are stored in 
kerosene or paraffin oil. 
Li when burnt in O2 gives mainly lithiunmmonoxide, (normal oxide) Li20. 

4Li + OS —=—=211,0 


e Na when burnt in O2 forms sodium.peroxide» Na202. 
2a —a va ,O, 
Other alkali metals react with O2 to form super oxide of MO> type. 
M + Og — MO, 
Normal oxides of alkali(metals other than that of Li (Li2Q) are not formed by the direct 
reaction between theanetals and O2 they are formed by indirect methods, e.g. by reducing 


peroxides, nitrite and nitrates with the metals itself. 
2Na,O, + 4Na ——>4Na,0 


2NaNO, + 6Na——>4Na,0 +N, 
2NaNO,+10Na——>6Na,O+N, 


-REACTIONS OF THE ALKALI METALS WITH CHLORINE 
Alkali.metals react with halogens (chlorine) to give halides (chlorides). 
Liand Na react slowly with chlorine at room temperature to give LiC] and NaCl. 
Molten Na burns with a brilliant yellow flame in the atmosphere of chlorine to form 


NaCl. 


2NatCl, —> 2NaCl 
K. Rb and Cs react vigorously with all the halogens to form metal halides, 


Flame Tests 
n analytical procedure used to detect the presence of certain metal ions, 


Flame test is a 
based on each element’s characteristic emission spectrum. 
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° a ean or nichrome (a nickel-chromium alloy) el by dipping it into 
concentrated hydrochloric acid and then enue ina ee pi ame. 
; i ire doesn't produce any colour In a 
: | alalieuis ae moisten i again with some of the acid and then dip it into. 4 small 
amount of the solid you are testing so that some sticks to the wire. 
e Place the wire back in the flame again. . . ies 
° If the flame colour is weak, it is often worthwhile to dip the wire back in the acid again 


and put it back into the flame as if you were cleaning it. You often get a very, short but 

intense flash of colour by doing that. 

Different colours shown by different elements are given below:, 
Elements Flame colour Elements  ~=—:- Flame colour’ 

[Li Crimsonred |, Ca QR Qed 


eT , _~_|»Pale green / grass 
gat be blue-green (often 
PRD Red (reddish-violet) waihcuhite Hashes 
|. Cs. 


= P. Blue | EL Greyish-white | 


The Origin of Flame Colours: | ; ate ote 
The loosely held outer electron (i.e. ns' electron) ofiatoms of alkali metals can be easily. 
excited to the higher energy levels even by a small amount of heat energy (e.g. by heating 
the metals or their salts into Bunsen burner). During the excitation process the electron 
absorbs some energy and when this€x¢ited electron comes back to its original position, it 
gives out absorbed energy in the form of light in visible region of the electromagnetic 
spectrum and hence the colours imparted by the atoms to the flame. Since the amount of 
energy absorbed during the<excitation/process is different in different atoms, different 
colours are imparted by thé atoms to.the flame. 
GROUP -ITA ELEMENTS (ALKALINE EARTH 

Trends in Atomic Radius; > oo 

The atomic radius increases as‘you go down the Group due to the addition of extra shells. 
_ Notice that beryllium has alparticularly small atom compared with the rest of the Group. 


METALS) 


Be 


Atomic radius 


Atomic number 
I-A 
Trend in atomic radius of Group 2 elements. 
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Reason: 
ecause of the additic a : 
Because of the addition of an extra shell of electrons to each element from Be to Ra, the 
atomic volume increases from Be to Ra 
e With the increases of atomic volume 
increase from Be to Ra. 
° The atomic radii of these elements 


. . . a. 5 24 « 
. the atomic and ionic radii (of M~~ ions) also 


ee | are however, smaller than those of alkali mefalsin the 
same period. is due Sas ; 
sil damalas 1 us Is due to the fact that the alkaline earth metals have higher nuclear 
“harap r . = : . ; _ 
charge a 1 tends to draw the orbit electrons towards the nucleus. 
, “ > Ve se" - ’ a E oe a < s 
6 The a wu values of atomic radii result in that the alkaline earth metalsqipe harder, have 
higher densities and higher melting points than alkali metals. 
ee Some physical properties of alkaline earth metals 


| Property __ Se Re Mig Ca St eae 

Gree ia Cs Re 226 
ebony G.4x104 20 3.45 0) Odes 1.3x10.10 
permeate ) 0s j 1.74 1.58 2.54 6,00 

| Melting paint (°C) 1277 | 650 wis =v a 
Breit a eraeadin 2770 | 1107 1440 1380 A 

| Atoanic vohune (ec) 4.90 } 1397 | 289 3S 38.0 
Alomic (Le metallic radius for coordinaen 112 160 199 315 

| number 12 04") 


| Covalent radium (A°) 0 
1 Jonic fers sial radius of M°sien fos 


Ceandination number @ (AC) 1.35 140 

| Tonizations enetpics (RI mole hi) | 47.8 $02.9 509.4 

| 2 jonization energy |p 1064.3 | 965.3 979.06 
("4 = jONIZAlION cnc ps 1613.8 1468.1 1488.46 
| Oxidation state 42 +2 +2 
Eloctrenepativits 1.0 0.9 0.9 
Flame colouration Brick Crimson Apple Red 

| Onidatton potentials red green 


| (volts) far M Us) 287 | 2.49 290 | 2.92 


| MoM) a 2e 


181.21 


| Heat of atomization at 25 “°C and 1 ain pressuat 
1 (ki onele) 


i 


1653.07 | 1458.67 


| 


icine eaeciasnaireiatedeednatili 


REACTION OF GROUP -ITAE 
Group 2 elements: beryllium. magnesium, calcium, strontium and barium react with 
water (or steam). dipuses the semreactions to explore the trend in reactivity in Group 2. 
Beryllium . _ 

Bervilium hasne reaction. with water or steam even at red heat. 

Magnesium 


Maenesium bumsin&team to produce white magnesium oxide and hydrogen pas. 
S 


Meg, +H,0,,, at MegO,,, + Ha) 

bbon has a very slight reaction with cold water. After several 
hydrogen form on its surface, and the coil of magnesium ribbon 
‘ the reaction soon stops because the magnesium 
water and forms a barrier on the magnesium 


Very clean magnesium ri 
minutes, some bubbles of hyd 7 
usually flats to the surface. However, 
hydroxide formed is almost insoluble in 
preventing further reaction. | 
Mg,,) 7 2H 0.) Mg(OH),,,) + Hay) 

Calcium, Stronti nd Barium a | _— 

Pr ai senct with cold water with increasing vigour to give the metal hydroxide and 
hydrogen. 
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° Strontium and barium have reactivities similar to lithium in Group | of the Periodic 
Table. . ff 
e Calcium, for example, reacts fairly vigorously with cold water in an exothermic reaetion. 


Bubbles of hydrogen gas are given off, and a white precipitate (of calcium hydroxide) is 
formed, together with an alkaline solution (also of calcium hydroxide = calcium 
hydroxide is slightly soluble). 

The equation for the reactions of any of these metals would be: 
. M,,) +2H,0,, oe M(OH ) saqors) a Ha) 


REACTION OF GROUP-ITA ELEMENTS WITH OXYGEN 
Reactions of the Group 2 Elements With Air Or Oxygen: 

Formation of Simple Oxides: 

Preparation: . 7 poy 

The alkaline earth metals form the normal oxides of MO type which are obtained by 
heating the metal in O2 or by heating their carbonates at high temperature €.9. 


- 2Ca+0O, —~+2Ca0 
2 CaCO, —>Ca0+C@O, 
Properties: . coo 3 
e __— Physical state: ae — = : : 
These oxides are extremely stable white crystalline solids due to their high crystal lattice 
energy. ; | ee 
Solubility: | = 


BeO and MgO are quite insoluble in H2O while CaO, SrO and BaO react with H20O to 
give soluble hydroxides, M(OH); which are strong bases. ae 
: CaO +130 — > Ca(OH), 
‘ Basicity: j i ga Wy ? : ay es _ | 
BeO is not at all basic in nature; in fact it is amphoteric since it reacts with acids to form’ 
salts and with alkalis to give beryllates. Be gure a 
BeO + 2 HCl =>: Beli +O 
. __ BeO#2 NaOH ——> NarBeO, + H20 
. The oxides of other metals are basic in character. Their basic character increases on 
moving down thé group. | mse : 
e¢ __ Chemical nature: eos cae: Lt sia 3 
Due to small size-Be?*.ion, BeO is covalent while other oxide are ionic. | 
° High Melting pointand Boiling point of BeO: Bee <a 
Although BeO is covalent yet it has a higher melting point and is harder than the oxides 
of other metals as it is polymeric. Each Be atom is tetrahedrally coordinated by four 
oxygen atoms. ~ oy -_ 
Peroxides: 
Preparation: | sh | 
__ The peroxides of heavier metals (Ca, Sr, Ba.etc.) can be obtained on heating the normal 
__ oxides with Oz at high temperature. vo Hi ao . . 
ae 2Ba0 +0, —> 2Ba0, ~ 
Properties: a 3 
_ The peroxides are white, ionic solids having peroxide anion, [O-O]*. They 


sa react with 
~ acids to produce H202, 


BaO,+H,SO, —>BaSO,+H,O, 
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All the elements bur in nitrogen to form nitrides, M3N> e.g. 
ICa . N, CaN 3 
These react with H2O to liberate NH; e.g. 
CasN2 +6 H20 ——> 2 NH3;+3 Ca(OH) 
Be3N2 is volatile while other nitrides are not so. 
REACT IONS OF GROUP IIEA (ALUMINIUM ONLY 
Reaction with Air 
« When a piece of aluminum sheet is exposed to moist air, it acquires aghiny continuous 
coating of aluminum oxide, which prevents further attack on the metal by atmospheric 
oxygen and water under normal conditions. Because of this, aluminéim sheets @re said to 
be corrosion free. 
¢ However, if the aluminum powder is heated to 800°C and abovesthe metalswill react with 
air to form aluminum oxide, AlzO3, and aluminum nitride, AMN“ The reaction is 
accompanied by the evolution of heat and intense white light, This property of aluminum 
is made use of in flash light photography. 
4A1+30, ——> 2Al,0, 
2AI+N, ——-.2AIN 
Because of its ability to combine with both oxygen and nitrogen, the metal is often used 
to remove air bubbles from molten metals. Salt solutions corrode aluminum badly, so 
aluminium and aluminium alloys are not suitable for marine use. 


Reaction with Non-Metals 
Heated aluminium combines with the halogens, sulphur, nitrogen, phosphorus and 


carbon, accompanied by the evolution of leat. 
2A, +3Clary —2AICl,,, 


2Al,, +35, <P AlSs. 


(s} 


2AL +N —  2AlN,, 


{s} Zig) 


Al, + Pg —— AIP... 


4Al yg +3C,,, —+AI,C,,, 
Aluminum on neg with hydrogen forms aluminium hydride. 
2A\+3H, ——> 2AlH, : 
Reaction with Acids and Alkalies 
Aluminium is amphoteric. It dissolves in both acids and bases with the liberation of 
hydrogen.gas. 
* Reaction with alkali: © 
Aluminiumdissolves in both sodium and potassium hydroxides to 
form a soluble aluminates, with the evolution of hydrogen. 
2A , +2NaOH oy FSH Ou) —> 2NaAl(OH) 424) +3 Hx) 


Sodium aluminate 


S co with acids: : . 
Aluminium reacts slowly with dilute acid and more rapidly with concentrated 


hydrochloric acid to displace hydrogen. 
2Alyy + HC — 2AIClyo + 3H 
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COURSE CONTENTS | 


General characteristics | | 

Describe electronic structure of elements and ions of d-block elements 
(a) Electronic configuration 

(b) Variable oxidation states 

(c) Uses as a catalyst 

(d) Formation of complexes 

(e) Colour of transition metal complexes 

(f) Magnetic behaviour, Alloy formation, Binding Energy y 


(g) Complexes important terminologies Nomenclattire 


Transition Elements: 


“The elements which have partially filled d or f-orbital either in their atomic states or in 
other common oxidation states@félealled transition elements.” They are called d-block or 
f-block elements. 


Typical and non-typical4ransition elements 
Elements of group II-B (Zn, Ed and: Hg), III-B (Sc, Y and La) are non-typical transition elements. 
Coinage metals (Cu, Aig and Aw) are considered as transition elements as their d-orbitals 
are in process of completion in their ionic states. 

Cur suseens cs 3d? 


; Au} SetSesosccec. 5d8 
d-Block elements are called ou 


ter transition elements while f- 
inner transition elements. 

. Series ofttransition elements , 
The d-blockielements consist of following three series of ten elements each: 
3d-series: from Scandium (Sc =21) to Zinc (Zn =30) 
4d-series: ftom Yttrium (Y =39) to Cadmium (Cd = 48) 

© Sd-series: from Lanthanum (La = 57) to Mercury (Hg = 80). 

The f-block elements constitute two series which are: 

4f-series from Cerium (Ce = 58) to Lutetium (Lu = 71) 


block elements are called 


Sf-series ftom Actinium (Ac = 89) to Lawrencium (Lr = 103) which are called actinides. 
General outermost configurations: 


First series (d-block elements) = (n-1)d!-!y¢2 


Second series (f-block elements) = (n-1)d'(n-2)f 14 ns? 
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a 
GENERAL GHARAGTERISTICS” 


o Metals: 
They are all metallic in nature. 

o Catalyst: 
Some of the transition elements play an important role-in the industry. These metals are 
TI, Cr, Fe, Ni, Cu, Mo, W, Zi, Nb, Ta and Th etc. 

o Hard and conductor: . 

They are all hard and strong metal with high melting and boiling points. They are good 
conductors of heat and electricity. ie 
Alloys: . 
They form alloys with one another and other elements of periodic tableas well. 
o Variable oxidation state: 

With a few exceptions, they show variable oxidation states. 
o Coloured compounds: 

Their ions and compounds are colored in the solid state and the solution state. 


ie) 


o Transition elements may be defined as those elements which have partially filled ‘d’ or 
‘P sub shells in atomic state or in any of their commonly occurring oxidation states. 
9 d-Block elements are known as outer transition elementsywhile f-Block elements are also 


known as inner transition elements. 
o Transition elements usually show variable oxidation states, coloured compounds and 


5d-block elements 


Elements Electron ic 


Elements 
Configuration 
Ga ZA ae [Kr]4d‘5s! ea 


form complex compounds 
3d-block elements 


4d-block elements 


Electronic 
Configuration 


Electronic _Elements 


Configuration 


[Kr]4d°5s° 


Cr (24) [Ar]3d-4s'¢ 


Fo el Lc 
Ce cL 


‘ 106 2 H 80 K 4f45d% 7] 
| | 105 
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Electronic configuration of 3d-series elements: 
3d —series elements: ~ , 


- Electronic — 
i Elements Configuration Bis 3d 4s 
Sc (21) [Ar] 3d!4s° 
Ti (22) [Ar] 3d74s? 
V (23) : [Ar] 304s" 
Cr (24) [Ar] 3d°4s' 
Mn (25) [Ar] 3d°4s? 
Fe (26) [Ar] 3d®4s? 
Co (27) | [Ar] 3d’4s? 
Ni (28) | [Ar] 3d84s? 
Cu (29) [Ar] 3d'°4s! 
Zn (30) [Ar] 3d!045? 


VARIABLE OXIDATION STATES 
oO Transition elements are electropositive, so they have positive oxidation states. 


oO All 3d series elements show an Oxidation state of +2)in addition to higher oxidation states 
when the electrons of 4s-orbital take part in bonding. 


Transition elements show variable oxidation states. . 
The reason is that they have d-electrons in addition to s-electron for bond formation. 
These elements have several (n—1) d andons electrons. The energies of (n-1)dandns | 


orbitals are very close to each others The d-electrons are as easily lost as ns electrons lost 
as ns electrons. 


oO. In the highest oxidation states 
bonding. 

o Among the 3d series, Mn has maxi 

© The oxidation numbers #2 and +3 

© Positive oxidation states increase 


It is because the number6f unpai 
decreases. | 


of first.five elements, all s and d-electrons are used for 


mum oxidation states, and goes up to +7 

are more common. a 

up to the middle of series and after that they decrease. 
ted electrons increases up to the middle and then 
guration 


Element” ~ Electronic Conf 


Oxidation State 


Tita [sy —— 
CCE ETT 
—— bases Fa a 
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| Most of the transit 


‘The complex may reflect or transmit the 


- Mechanism: 
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CATALYTIC ACTIVITY 
ion elements are used as catalysts. The com 


pounds of transition metals 
are also catalysts. 

Reason: 

The reason is that the transition metals show variety of oxidation states. In this way, they 
can form intermediate products with various reactants. 

They also form interstitial compounds which can absorb an activator to the reacting 
species. . 

Examples: | 

Some of the important examples of catalysts are as follows: 


_A mixture of ZnO and Cr203 is used for the manufacture of methy! alcohol. 
Ni, Pt and Pd are catalysts for the hydrogenation of vegetable oil and saturation of 


alkenes and alkynes to alkanes. 

MnO can be used as a catalyst for the decomposition of H202. 

TiCl4 is used as catalyst for the manufacture of plastics. 

V20s is used to oxidize SO2 to SO3 in the manufacture of H2SO# : é 

Fe is used as a catalyst for synthesis of NH3 in Haber’s process. About of Na2O or K20 

and about $iO2.or Al203 are added as promoter. Mo is also sometimes used as a 

promoter. Pye * s | 
~- “COLOUR OF TRANSITION METAL COMP 

When white light is allowed to fall on a complex. > 

The following things may occur 

The complex may absorb the whole of white CRITICAL CONCEPT! 

light. In this case complex appears black. 4 [The colour of the transition metal ions 

is due the presence of unpaired. 


»electrons or incomplete d-orbitals. Due 
to d-d transition. a 


LEXES 


whole light. In this case it appears white. ~ Be 
The complex may absorb some ofitand | 
may reflect or transmit the remaining light.” 


When light is allowed to fall'on a substance, it absorbs from it the light of a | 
particular colour: whose ‘wavelength is in the visible region (4000-7000A) and reflects - 
the remaining light which has the colour complementary to that of the absorbed light. 
Complementary colour which is actually the cotour of reflected light becomes the colour 
of the substance. , ss iu | | 3 
Every ion absorbs a different wavelength and transmits the remaining set of wavelengths that 


gives different colours to the ions. 


56060 OO nase ek \ae 


elero o00| 


, +> Absorption of yellow light by [Ti(H20)6]** ion. 
In [Ti(H20)«]** , yellow light is absorbed; while most of the blue and red lights are 
transmitted, therefore the solution of [Ti(H20)s]** ions look violet in colour. 


CRITICAL THINKING Q 


B. Mn*? 


D. Sce*? 
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a pr AGNES CS EAN OU BEHAVIOUR — a 
Many transition elements and their compounds are paramagnetic. 

Paramegnetism: | 

The compounds attracted into the magnetic field are called paramagnetic. P 


is due to the unpaired electrons present in the metals and their com 
2 +32 

Examples: Mn, Fe*? etc. 

Ferromegnetism: 


aramegnetism 
pounds. 


The substances which can be magnetized are called ferrom 
Examples: Fe, Co and Ni etc. 

Diamegnetism: 
Some substances in w 


agnetic. 


hich even number of electrons are 
are diamagnetic. They are slightly re 


Examples: — Zn*?, Sc*3 ete. 
Magnetic moment: 


Oo The magnetic moment (11) is related to the number of unpaired/electrons (n) by the 
Cquation: 


= Jn(n +2) 


It is measured in Bohr magneton, BM. 
o By 


present, and have paired spins 
pelled by magnetic field. 


ie) 


measuring magnetic moment, the ndture Ofitransition met 


al compound and Oxidation 
State of transition metal can be calculated) 


Alloy is mixture of tw 
other. 


Reason: 


0 or more than two metals. Transition metals form alloys with each 


Transition elements have almost similar 


Positions in crystal lattice of the other. T 
Example 


Alloy 


sizes and atoms of the one metal c 


an casily take up 
hey form substitutional alloys am 


ong themselves, 


oO 


Steels are the materials in which the iron atoms are substituted by Cr, Mn and Ni. 
Steel has mote uséfil properties than iron. 


Brass, bronze ahd coinage alloys 


are the best alloys. 
Properties: 


As alloys are prepared accordin 
yet few properties are common 
Alloys are comparatively cheap 
They are Strong and flexible but hard alloys can also be Prepared. 
They have long life because they do not corrode. 
y are durable. 

They have high melting points, 
They are better conductor but non 


g to the requirements, their characteristics are different, 
Which are as follows: 


Oo Cam Gao O 


“conductor alloys are also prepared. 
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Alloys of Metals) 


~ Composition _ Properties and Uses 


It is strong alloy of copper which is soft and flexible. 

© It does not corrode. 

Due to low melting point, it is easy to use. 

It is used to make locks, keys, water taps, pipes 

artificial jewelry, door handles and parts of machines. 

° It is strong, brilliant and long lasting. 

© It does not corrode. . 

° It is used to prepare medals, coins, badges and 
bullets etc. besides these; decorative@rticles are 


Cu = 60— 80% 
Zn = 20 — 40% 


Cu 90 — 95% 
Sn S— 10% 


Bronze 


also made from this alloy. 


Nichrome It is used in electric heaters and filaments of furnaces. 


BINDING ENERGY 


Transition elements are tough, malleable and ductile. 


o The toughness of the metals is due to greater binding energies. 


Reason: - . iy, | 
It is because the s-electron-of outermost shell takes part in chemical bonding. However, 
the electrons of half-filled d-orbitals also participate in bonding. So, they have greater 
binding energies and toughness. | 
Variation in Binding Energies: ¢ } | 

© When we move from left to the right in any d-block series, the number of electrons 
increase up to group V-B; that is Variadium family and VI-B i.e. Cr family. 

© After that the pairing ofiélectrom starts. | 

© The unpaired electrons become Zero at group II-B. | | 

Oo It means that binding forces g0 on increasing up to Cr and then decrease after that. 


This is shown(for the elements of 3d and 5d series in the following graph. 


Binding engergies (units of 10) mole '} 
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FORMATION OF COMPLEXES|AND THEIR NOMENCUATURE | 


The compounds containing the complex molecules or complex ions and capable of 

independent existence are called coordination compounds complexes. 

A complex compound may contain 

(i) A simple cation and a complex anion 

(ii) A complex cation and a simple anion 
Component of complex compound 
Component - Description 


Metal atom or metal ion surrounded 
by number of ligands in the complex 
compound 


Central metal Ka[Fe (CN)6] 


Fe** is the central metal ion 


atom or ion 


lon, atom or neutral molecule that 
donates electron pairs to central metal 
| atom/ion. 


Ligand with two gonor atoms is called 
bidentate 


OH*, CNe , NH3, H20, C204? 


[Cu (NH3),]SO, 
The co-ordination number of 
Copper in this complex is 4. 
In [Ni (CO),] 

[Ni (CO)a]° is neutral co- 
ordination sphere. | 
‘[Fe(CN)o]* Charge on iron 
=e 2 - Otal charge on six CN 
ions = - 6 

| Charge on the sshidiuriton 
sphere=-6+2=-4 


The number of lone pair of electrons 
provided by ligands to central atom or ~ 
ion. we 


Co-ordination 
Number 


The central metal atom of ion along 
with ligands is called.co-ordination 
sphere - 


Co-ordination 


sphere 


Algebraic sum of charges presents on 
| central metal ion and the total charge 
on thedigands 


Charge on 
co-ordination 


sphere 


Chelates: | 
A complex compound, in Thich: one or more than on 


e ring is formed due to donation of | 
electrons by poly dentate ligand. e.g. [Pt(C204)2]* : 


- O 
| PRY | 
O=c—0o7 ““o—t=o 
‘[Pt(C204 Mk 


Dioxalato-platinate (II) i ion 
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: “NOMENCLATURE” 
Naming the eoninles compound 


The IUPAC rules for naming the complex compounds are as follows. 

o Cations are named before anions. 

o In naming the coordination sphere, ligands are named in alphabetical seiee regardless of 
the nature and number of each followed by the name of central metal ion. 

o The prefixes di, tri, tetra, penta, hexa, etc, are used to: epecity the number of coordinated 
same. ligand. - 


o The names of anionic ligands end " suffix “OQ” e.g. hydroxo OH", carbonato CO; 


o The names of neutral ligands are € usually unchanged, e.g. for NE ammine,and for H20, 
AQUA sesce: etc. ore 

o The suffix ‘ate’ comes at the end of the name of metal if the co-ordination sphere is 
negative otherwise it remains unchanged. : rm 

o The oxidation number of the metal ion is represented by? a. Roman numeral in 
parenthesis following the name of the metal. | 
Examples: : 

~ Ka[Fe(CN)e] * S enemas, 

[PtCl(NO2) (NH3)4]SOg Tetraamminechloronitro-platinum (IV) sulphate. 
Writing the formulae of complex compound 

o In writing the formula of complex iongthe usuah practice is the symbol of the central 
metal atom first, followed by the formulae of the ligands. : 

o The ligands are written anionic ligands first.and then neutral ligands. 

o Following this sequence, moré than. one anionic or neutral ligands are written in 
alphabetical order _ | 

o The formula of whole complex ion is enclosed i in square brackets. 
Examples: > . 
Sodiumhexafluorocobaltate (ip) __Na3[CoFe6] 
Potassiumtetracyanocupparate (I1) Kz [Cu (CN)a] 
Triaquatrihydroxochronium (IIT) [Cr (OH)s (H20)3] 
Geometry of complex compound 


[Mn Cla]-20— j [Cu (NH3)4]*? [Fe(CO)<] [Co (NH | 
: Cl H3N-—------— NHa (exe) se on -NH3 
i DN, ! See ; | : 

Mie ! Cu ee | a j Fe a, Co s | 

| ww en I ea —_ co Se Pa 
f ’ se H3N ~—NH3 CO A rr NH3 

4 cl Cl x6) al NH3 
trigonal octahedral (Spd? ) 


tetrahedral (sp*) square planar (dsp) 


bipyramidal (dsp*) 
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FUNDAMENTAL CONCEPTS 
TOPIC-13 ) OF ORGANIC CHEMISTRY 


© Classification of organic compound 
° Isomerism 
° Functional group 


Nomenclature of organic compounds (All families) 


tae ae INTRODUCTION 
ORGANIC COMPOUNDS 


Compounds of carbon and hydrogen (hydrocarbons) and their defivatives 
e Fridrick Wohler broke vital force theory 

First laboratory prepared organic compound is urea 

¢ NH,CNO==(NH,),CO 


e Exceptions are CO, CO2, Carbonates, Bi¢arbonates ete, 


CRITICAL CONCEPT! 


Compounds which are generalized as inorganic compounds include CO, COz, 
carbon, Carbonates, Hydrogen carbonates. 


Oxides of 


Whereas some compounds maysform organic compounds after reacting with hydrocarbons 
but initially they are categorized as(inorganic which include groups or compounds such as 
KOCN, NH4sOCN, HCN, N2H4 & NH2OH 


CRITICAL THINKING 2 


Hydrocarbons and their derivatives are 
which may not be generalized as organic 
A. CClg 
C. GHaCN 
Vital force theory proved that ino 
compounds. The compound obtained 
A. NHaCNO 
C. HCN 


generalized as organic compound, the one 
compounds , 


B. CS. 


D, All are organic compounds 
rganic substance can be 5 
during Whohler’s experimen 
B.KOCN . 

D. (NH2)2CO 


ynthesized into organic 
t was 
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+ CUASSIRICATIONS OF. ORGANIC COMPOUNDS 


Straight Branched H 
: : omocyclic Heterocyclic 
(Carbocyclic) ——4 


Unsaturated |. ; 
Alicyclic _ Saturated. = 


The carbon skeleton is the basis of classification. . 
(1) Open chain (Acyclic or Aliphatic) compounds: 
The class of compounds containing open'chain of carbon atoms. 


CH3-CH2-CH:2-CH3 CH3-CH-CHs3 
n-Butane 
CH; 
Isobutane 


They are further classified into two classes. 
(i) Straight Chain or Unbranched Compounds 
The compounds having carbon chains without branches. 
- CH3-CH2-CH2-CH3 — n-Butane 
~  CH3-CH2-CH2-CH2-CHs3 n-Pentane 
- (ii) Branched chain compounds 
| The compounds in¢which carbon chains have side branches. 


CH3-CH-CHs3 CH3- y wa -CH3 2 _ CHs-CH2-CH2-CH- CH 
bn, «CHB . CH3. | 
Isobutane Isopentane > | Isohexane—- 


(2) Closed chain com pounds (cyclic compounds) 

The compougy in which carbon atoms form a closed chain neiyel)-4 

Cc , 

gf , Aa VA a 

ccf ’ “or CH. ‘CHS gi ges C Za 

° | P| ; i | | |p or CI . | | or ee 
H CH H H 
CH 


Cyclobutane 
Cyclopentane 


Benzene Pyridine 


The closed chain compounds are further classified into two main classes. 


(i) Homocyclic or carbocyclic compounds: ' 
The cyclic compounds that contain only one type ofa atoms (carbon) as a member of ring . 


“evdienmeeate Cyclobutane Cyclopentane Cyclohexane Benzene - 


They are further classified into two classes. 
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(a) Alicyclic compounds (Non-benzenoid or non-aromatic) 
The compounds that contain a ring of three or more carbon atoms and resemble with 
aliphatic compounds. | 


eee Cr 


. Cyclohexane Cyclohexene _1,3-Cyclohexadiene 
(b) Aromatic compounds (Benzenoid): 
The compounds that contain atleast one benzene ring (ring of six carbOmatoms with three 


alternate double and single bonds), Aromatic Compounds may ontain more benzene 
rings which may be fused or a: 


Merononoy.» 


Benzene Toluene Phenol Benzaldehyde Nitrobenzene 
(i) Isolated ring aromatic compounds: 


OS 


Bipheny] Biphenyl methane 
(ii) Fused ring oO OLLO 


OIG yO: 
(ii) Heterocylic compounds; 


The compounds a contdin atleast ofe atom other than carbon j in the ring. 


2 1h 


_Pradie Furan Pyrrole ee 


! 


Isomerisf (Iso = = same; Merose = units) 

Two or more’ pounds having same molecular 
- formula 

but different structures are called isomers and the 

phenomenon is known as isomerism. 


© .tJn saturated hydrocarbons methane, ethane and propane (amongst alkanes) have one 
structural form only i.e., no isomerism 

® lsomerism is possible for compounds having at least four carbon atoms. 
Number of isomers in case of saturated hydrocarbons. 

e Number of isomers increases with increase in number of carbon atoms in saturated 
hydrocarbon. 
Types of Isomerism 
(i) Structural Isomerism (ii) Geometric isomerism 
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(i) Structural Isomerism 
The compounds having same molecular formula but different structural formulas and 
properties. 
O . O 
| Il. | 
CH3-CH2-C-CH2-CH3 and CH3-C-CH-CH2-CH3 
a 3-Pentanone 2-Pentanone ’ 
Structural isomers having same formula CsH100. 
Types of Structural Isomerism: | 
(i) Chain or skeletal isomerism . 
(ii) Position isomerism : 
7 (iii) Functional group isomerism 
(iv) Metamerism 
(v) Tautomerism 
(1) Chain Isomerism or skeletal Tecmecionts | 
The compounds which have same molest formula but differ: with sala to 
carbon chain (carbon skeleton) . 


Chain isomers of CsH12 ae ie s a aden 
pir eee: GH as. ie ls 
Ses | [ , | 
(i)... CH3-CH2-CH2-CH2-CHs3 CHs-CRGAFONs & CHC. -CH3 
_ n-Pentane . Isopentane 7 po} CH; 
; = eng Neopentane 


Chain isomers of Gs — =» eo. Be d 
Les CH3 "os 


ii CH -cHs-cH=cy & | CH3-C=CH2. 
© . ; 1-Butene - _/ - 2-Methylpropene 
The classes of compounds thabcan usually show chain isomerism are 
-(i) Alkanes (ii) Alkenes — (itt) pune 


(2) Position Isomerism: | 
“molecular formula but differ with respect to position . oF same 


The compounds thab,have same 
chain. The classes of compounds that can show position isomerism are: 


| pal” 4 y" eo Alkynes (iii) Alcohols (iv) Alkyl halides 
(v) Amines j (vi) Nitroalkanes (vii) Thto- -alcohols (viii) Cyano alkanes 
- CH=C- CHa-CHs and Cue =C-CH3 . 
“le aes | 23 pn 
s oy CHpCHLCHs 


cl and (Oe 

merism: . ores! ace 

p Seca same molecular formula but differ with respect to functional 
ne ) 


mers. 
| d functional group iso 
Pe ie of compounds that can show functional group isomerism are 


1. Alcohols and ethers 2. Aldehydes and Ketones 3. ‘Carboxylic acids and esters. 


Functional group isomers wes ey CHs-0- CHs 
; ae | Dimethy] ether 
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O Q 

CHI i CHI 
il “Ha-CH2-C-H1 and -C-CHh 
Meee “ Propanone 


Oe eects same molecular formula but different distribution of carbon 
atoms on either side of same functional group. . 

The classes of compounds that can show metamerism are: 

(1) ethers (2) ketones (3) esters 

Metamers of CalljoO | 

(i) CH3CH2-O-CH>-CH 3 and CH3-O-CHa- CHa-CH, 


Diethyl] ethers Methyl n-propyl ether 
Metamers of CsHWwO | 
Q O 


| | 

(ii) CH3CH2-C-CH2-CH, and = CH3-C-CH2- CH24CH; 
Diethyl Ketone Methyl n-propyl ketone 
(5) Tautomerism: 


The compounds which differ with respect tO position of H-atom within the same 


molecule. These isomers are usually rapidly intereonvertable with each other. 
. H —_ 

| H,O | 
H2N—C—COOH = oN coo: 

| | 

R R 
Amino acid . Zwitter ion 
(2) GEOMETRIC (CIS-DRANS)ISOMERISM 
The compound having same @molecular formula 
respect to the positionof identical groups in space, 
Conditions to show geometri¢ isomerism: | 
(i) There shotild be a ddlible bond between the tw 

position of gfoupssbecome fixed due to restrict 


(ii) — Two/groups attached to the same carbon 
a (aid 


and structural formula but differ with 


o carbon atoms. As a result, 
ed rotation. 
atoms must be different 


H CH, 
= / 
wy S p=; 
r 
H H CH; 


Cis 2-Butene Trans 2-Butene 


Cis isomer 

An isomer in which identical 
side is called cis isomer. eg. cis- 
Trans isomer 

An isomer in which identical Broups across the double bond are On the opposite sides is 
called trans isomer. eg. trans-2-Butene. 

Geometric isomer of !-Bromo-2-Chloropropene: 


KETS - PREP BOOK 


116 


groups across the double bond 
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—oOoOoOoO SS 


Bro “HO Od 
Sl ae, 
C=C C=C 
a. ,o\., 

HCH, Br CH 


Cis-1-Bromo-2-chloroprepene 
Difference between homologues and isomers 


No We 


Trans-|-Bromo-2-chloropropene 


Formulae of organic compounds 


The molecular formula of organic compound may be expressed as: €.g. pentane 


Condensed Structural Formula | = “Displayed Formula 


(a) Simple molecular formula: CsH12 


(b) Simple structural formula: 


ae | 
(a) i fee 
| CH3(CH2)3CH3 “& “Sim 


y Ne | | 
mi cil ¢ 
(b) ‘ axa 


GANIC COMPOL 


~ FUNCTIONAL GROUP AND NOMENCLATURE OF OR INDS 


FUNCTIONAL GROUP« | 
An atom or a group of atoms or a double bond or a triple bond whose presence imparts 
specific properties to 6rganic compounds is called a functional group. 
Characteristics | | 

° Each functional group defines an organic family. 

¢ They arethe chemically functional parts of molecules. | 

e Although over seven million organic compounds are known, but there are only a hundred of 


functional groups. 
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Family 


Structure of — 
Functional Group 


Containing only C-H 


Simple Example 


and C-C single bonds CH, ,CH, —CH, 
Alkane Contain no functional Methane Ethane 
group | 


7 si , 
nee te, HC = CH 
a Ethyne or acetylene). 4 


Halide 
. X =F, Cl, Br, | 
akae 


| CH3-Cl 
Methyl chloride. 


Methy! alcohol 
_ (Methanol) 


CH;=0-CH, 


Dimethyl! ether _ 
Amine —C—N— CH, = NH, 
|. | 3 Methyl amine 


| | CH3 CN 
| Methyl cyanide (or Ethanitrile) 


Bass 


CH3NQO> 
Nitromethane 


CH; - SH 
Methane thiol (Methy|thiol) 


Carbony| 
Aldehyde | 


~ Ketone 


Aldehydes: ketones, acids and derivatives 
- os of acids 


| 
CH, -C-CH, 
Dimethyl ketone - 


Carboxylic acid 
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“O 
Acid amide 


Carboxylic acid chloride 


| 
CH, -C-NH, 


i 
CH,-C-Cé 
ou chloride 


Carboxylic acid 
anhydride 


| 
yc—b— oe 
Acetic anhydride 


NOMENCLATURE 
_ Alkanes Alkenes 


chain containing double bond 
Start numbering from where double bond is 
nearest nearest 


Write the position of substituent and write | Write the positiomand name of substituent 
the name of substituent alphabetically. alphabetically, use prefix di, tri,tetra if required 
use prefix di, tri,tetra if required 


Write the position of double bond of lower 
carbon | 

Write theyname of alkene according to number 
of Ceatoms 
If there are more than one double bond present 
then write position of each double bond and ene 


Write the name of root chain 
is replaced with suffix diene, triene and tetraene 


En etc. 


"TUPAC Name 


CH, -CH, oe 


2- Methylpentane 


| CH, 
CH, - CH, -GH— GH- CH, 


2,3 — Dimethy|pentane 
H.C CH, an 


CHW gprr CH CH CH, 

| H,C C,H, 
GH, FEH— CH, -CH-CH, 
ye 


3,4-Dimethylheptane 


2-Bromo—4—-chloropentane 


Cl Br 
day, —CH, -CH, -CH-CH-CH, 
| 


3~Bromo—2-chlorohexane. 


: Bn Cl 
a TY 
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Unsaturated hydrocarbons 


No. of Alkane Alkene | ~_— Alkyl Group 
Catoms | Formula | Po. geplentes 


Alkanes are said to be saturated hydrocarbons as they contain only single bonds between 
carbon atoms. 

Alkenes and alkynes are unsaturated hydrocarbons: they contain multiple bonds between 
carbon atoms. 

The simplest alkene is ethene H2C = CH2 

It is the first member of the homologous series of alkenes, which have general formula 
CnHan. 

Alkynes contain one or more carbon — carbon triple bonds. Ethyne HC\= CH is the first 
member of the homologous series of alkynes, which have the general formula CaHon2 
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NOMENCLATURE OF CYCLOALKANES: 

Another type of molecule containing only sp? hybridized C and i! atoms connected by 
single bonds is possible with a ring of 3 or more C atoms. These are the cycloalkanes 
which are fairly common in the world of organic chemistry, both man-made and natural. 
(i) Nomenclature: 

According to IUPAC system, cycloalkanes with one ring are named by prefixing cyclo to the 
name of the corresponding alkane having the same number of carbon atoms as the ring, 1g 


5 ane 


Cyclopropane Cyclobutane Cyclopentane 
The substituents are numbered in such a way that the sum of numbers ig kept minimum, 


e.g. 
If the alicyclic hydrocarbon is unsaturated, the rules applied to alkenes (for double bond) 


or alkynes (for triple bond) are used, e.g, 
H, 


CH, H.C a 
3 


CH, 
Methyl 1,2-dimethy] 1,3-dimethy] 
cyclopropane cyclobutane cyclohexane 
Multiple bonds are given the lowest possible number. 


NOMENCLATURE OF ALCOHOLS 
Alcohol 


Aliphatic Aromatic | 
CH20H 


Monohydric Polyhydric | 
- Mannitol 


Glycerol Benzyl alcohol 


P’Alcohol _§°Alcohol T° Alcohol 
a Ri a Ri a. 
R-CH,OH A >CHOH RP: > c-0H 

Ro g R3 ae 


nbe regardedas alkanes in which one H atom is replaced by a — OH group and 


e They ca 


are often called the alkanols. 
© The names arenarrived at by adapting the 


terminal,ane to— ol. 


name of the parent alkane by changing the 


Butanol 


_ Methanol 
Pentanol 
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| ~~ Polyhydric Alcohol) 
Dihydric 


Monohydric Alcohol 


CH2 — CH2 

| | 
OH OH 
Ethane-1,2-diol 


Secondary ee CH) — CH — CH» 
—- <<. 

OH QOH OH ~ 

e-1,2,3-triol (glycerol) 


~ . Propan 
| Tetrahydric | ™ & 
| CH2 — CH= CH— CH> 
SS a 

OH OH 4OH OH 
Butane= l ,253,4-tetraol 


NOMENCLATURE OF HALOALKANES 
Monohaloalkanes are named as alk 
haloalkanes. | 
Alkyl halides 
a) Common Names: 


Alkyl halides (monohaloalkanes) are nam 
which halogen atom is attached. 4 2 


yl halides while polyhalo derivative of alkanes are known as 


ed according to the nature of the alkyl group to 


Example: fs pues , 
CH3—Cl ~ <CH3—CHs—Br CH3—CH)—CH>—-Br 
Methyl chloride _¢ Ethyl bromide © ’ _n-Propyl bromide 

H3C y a 7 

CH—CH2—C| » CH3—CH2—CH,—CH>—_c 

aC = | 7 

Isobuty! chloride. | 8.2 * n-Butyl chloride 
. b) TUPAC Nomenclature: 


The systematic names given to alkyl halide follow the underlying rules 
Select the longest continuous carbon chain: and consider the | 
a ; : compou 
derived from»this structure. ponnt: tor have een 


° Number the carbon atoms in chain so that the carb 


ae on atom contain; a re. 
" (F,CI,Br,1) gets the lowest possible number. eOmaining the functional group 
CH3—CH2>—CH—CH, : 
N : 


Xx 
_ > 2-Halobutane 
e Ifthe same alkyl substituent occurs mo 


re than once in the chain 
onare used before the name of alkyl gr 


, the prefix di, tri, and so 
Oup. 
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e The ae the substituent is indicated by the appropriate numbers separated by 
commas. If the same substituent occurs twice on the same carbon atom, the number is 


repeated. 
4 
3 2 . ) ae 
CH3—CH2—CH2—Cl CHs—CH:—CH: 
| 
1-Chl 1 i 
-Chloropropane |-Bromo-3-methylbutane 
6 5 4 3 2 1 3 2 1 7 
a ee CH3;—-CH—CH:2 ¢ 
| ) | | 
CHs3 Cl CH; @ 
2-Chloro-5-methylhexane 1-Chloro-2-methylpropane. 
Ethers | | cs 7 


: Formula cope ~~~ Common Names 
CH30CH3 Dimethyl] ether 


Methyl ethyl! ether 


Diethyl ether 


Methoxy methane 
~ 
Methoxy benzene | 
Aldehydes | : A 
j Trivial name eee 
The common names of aldehydes are obtained” 
from the common names of carboxylic acids | » group — 
containing the same number of carbon atoms.) e of aldehyde will get number_1 which is 
The ending —ic acid in the common name of ~ | usually not written ) 
the acid is replaced by the word aldehyde. | Write down the position of substituent and 
: 3 2 name alphabetically | . . 
e Replace the “e” of alkane by “al” 


e Select longest chain containing -CHO 


Ketones 


pn a eer 

e Write alkyl group alphabetically followed e | 
-by the name ketone. } group 

e If both groups are samerthen prefix di is 
used before the name of alkyl group — 

e If both alkyl proups are’ different called 
unsymmetric or mixed ketones. . 


Sélect longest chain containing carbonyl 


e Start numbering with least number to C 

of carbonyl group. | 

‘e Write down position and name of 
Substituent alphabetically 

e The position of carbonyl group is 

prefixed to the alkanone | 

Replace the “e” of alkane with “one” 
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NOMENCLATURE OF CARBOXYLIC ACIDS 
e Organic compounds containing -COOH as a functional group (carb from carbonyl and 
oxyl from hydroxyl). 
e Their general formula is R-CQOH 


l 


HCOOH Methanoic acid Formic acid 


2 | CHsCOOH Aektic acid 
3 | CH:CH:COOH Propionic acid 


re CH3(CH2)2COOH yas Butyric acid 


5 CH3(CH2)3COOH : Valeric acid 
| Caproic acid 
6 = | CH3(CH2)sCOOH ; Hexanoic acid 
Dicarboxylic acids 
7 HOOCCOOH | Ethanedioic acid Oxalic acid 


HOOC(CH2)COOH - Pfopanedioic acid Malonic acid 
HOOC(CH?);COOH Glutaric acid 


1] HOOC(CH2)4,COOH Hexanedioic acid Adipic acid 


| 
(412 CsHsCOOH 
, 13 Cé6H4(COOH)2 


Aromatie acid 


Benzenecarboxylic acid 
Phthalic acid Benzenedicarboxylic acid 
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° Describe free radical mechanism (Initiation, Propagation and Termination) 

° Describe the mechanism of free radical substitution in alkanes examplified by methane 
and ethane 

° Structure and reactivity of alkenes as examplified by ethene. 

° ales dehydration of alcohols and dehydrohalogenation of R — X fof the preparation of 

° Describe the preparation of alkynes using elimination reactions 

° Discuss the shapes of alkynes in terms of sigma and pi C — C bond. 

° Discuss the chemistry of alkynes by hydrogenation, hydrohalogenation; hydration. 

° Describe acidity of alkynes. ” ~ 

e Compare the reactivity of alkynes with alkanes, alkenes and arenes 

° Describe and differentiate between substitution and addition reactions 

) Benzene: Properties, Structure, Modern representation, Resonance method, Electrophilic 
substitution : oN 

° The molecular orbital treatment of benzene NN 


benzene 


° Describe the mechanism of electrophiligysubstitution in ; 


Radical Substitution Reactions 
o Substitution of R-H by X provides'the alkyl halide, R-X and HX. 


o Alkane R-H relative reactivity order: 3° > 2° > 1° > methyl. 
o Halogen reactivity F2> Ch > Br > Ia. 
o Only chlorination and bromination are useful in the laboratory. 


proceeds via free radical chain mechanism. 
M OF FREE RADICAL SUBSTITUTION REACTION 


o Reaction 
THE MECHANIS 


‘hv 
: CH3Cl + HCl 
CH ae Methyl chloride 
cuicl + ch 7, CECI: +HCl 
, hv Methylene chloride 
_ CHCh +HCl 
Oy Chloroform 
usd CCl +HCl 


e —_—_> 
CHCh + Cl: Carbon tetrachloride 


“Mechanism: 
(i), Initiation step: 
; sunlight 


Cisse) oo cf+clr 


Chlorine Chlorine free 


molocule radicals 
(ii) Propagation SEEPS anaes 4 . 
JH #____» CH, + HCI 

(a) CH; pr + Cl Methyl free 

radical 
erent GC] ——>CH;—Cl + Cl 

(b) Kida Methyl Chlorine 

Chloride free radical 
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(iii) Termination step: 
*CH; + Cl* ——> CH;—Cl 
| Methyl! chloride 
Points to Remember: | 
The following facts must be accommodated by any reasonable mechanism for’ the 
halogenation reaction. _ 
o The reactivity of the halogens decreases in the following order: F2 > Cla = Bry> I. | 
o We shall confine our attention to chlorine and bromine, since fluorine is so vigorously 
reactive and it is difficult to control, and iodine is generally unreactive. 
o Chlorination and bromination are normally exothermic. 
Energy input in the form of heat or light is necessary to initiate thes¢ halogenations. 
o If light is used to initiate halogenation, thousands of molecules react for each photon of 


light absorbed. ; . | 

o Inhibiters: Halogenation reactions may be conducted in eithePthe gaseous or liquid 
phase. . ? Se Ay | 

o Facilitators: In gas phase chlorination the presence of oxygen (a radical trap) inhibits the 
reaction. | NS : 


In liquid phase halogenation radical initiators such as peroxides facilitate the reaction. 
Mechanism of the chlorination of ethane ee 
Step 1: : 


Homolysis of the Cl —Cl- bond. The necessary energy comes from the light absorbed or 
the heat supplied. It is easier. to split the Cl —— Cl bond than the C — H bond. (Bond 
energy, Cl —Cl=242 kJ mol!: C—H= 435.kJ mol"! 


: CL; light y” 


or heat 


Step 2: ; 7 

The chlorine atoms formed are very reactive. Since they are surrounded by ethane molecules: 
Cl° + CH3—@H3 —» ACI + *CH2—CH3 

The second possibility is more likely because the formation of an 


exothermic than the formation of a’€ — Cl bond. (Borid energy, 
C—Cl=350 kJ mol) y 7 


H — Cl bond is more 
H — Cl = 431 kJ mor!; 


Step 3: >. | 

The methyl! radicals fotmed collide with methane molecules and chlorine molecules. The 
reaction GOH AC ap CH;3—CH; ——» CH3—CH; + *CH2—CH; | 
results in no‘net change. _ 

The reaction -°CH2—CH3 + Cl, —» CH3CH>CI + *C) 

leads to @chain.reaction. i a 

Step/4: 


Thousands of molecules of chloroethane are formed for every photon of light absorbed. 
The high yield is due to the chain reaction — steps 2 and 3 


‘ ; ( - The reason why yield is not 
PN is that radicals can combine with each other and bring the chain fs ta end. The 
reactions ; 


2CIl° ——» Clo 
ee 2CH3 — *CH>, ——» CaHio 


Cl? + *CH2— CH; —— 5 CH3CH2Cl 
Bring the chain reaction to an end. Some ethane can be detected in the product. 
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ee 
Formation of other halogen substituted products of alkanes 
Step 3 can give rise to the chain: 
CH3CH2Cl + Cl? ——» HCI + *CH2—CH2Cl 
*CH2—CH2Cl + Cly ——> (CH2)2Ch2 + Cl* 
dergo further chlorination to CH3CCls, CH2CICCI3, CHCl2CCh and C2Cle 
_ CHEMISTRY OF ALKENES ~ 


_ PREPARATION OF ALKENES 


oe Remarks _ , 
Removal of hydrogen and halogen from two adjacent carbon 
atoms is called dehydrohalogenation. 


> Removal of water molecule is called dehydration 


> Tendency of dehydration is as givenbelow. 
Tertiary alcohol > Seconca@g alcohol > bE iniery alcohol 


Dehydration of alcohol 


Dehalogenation of Vic- 
dihalide 


Kolbe’s electrolysis of 
‘| dicarboxylic acid salts 


General methods of preparation 
@ Dehydration of alcohols . 
Alcohols can be dehydrated ‘in the presence of certain catalysts. The catalysts are éalled 
dehydrating reagents. The best dehydrating reagents are. 
(i) Conc. H2SO0% (ii) AlzO3. (lili) P05 or H3PO4 
All these dehydrating reagents operate at elevated temperature. 
R-CH, —CH — OH agit. R - CH=CH, +H,0 


Salts of : Saruaied dicarboxylic acid are qubjected to 
electrolysis in an aqueous solution and alkenes.are formed 


-340-350° Cc 
Alcohol An Alkene 
CHg —CH, - CH, =OH > CH; —CH = CH, + H,O : 
—Propanoi Propene 


The order ee reactivity ofthese alcohols is as follows 
| 3° alcohol > 2° alcohol >. | °alcohol 


: B GQ 75%H:SO, | 
juni ale S CH, =CH, +H,0 . 


O 
"Primary alcohol 
B a  B_ Govti.so, VE 
— — 3 ls = 2 
SERCH CH Clipe PC CE BD 
H 


_ Secondary alcohol 
H, 


! He C 
: 20%H,SO., +H 
RAC—OH~ g50c™ Rot +H0 
H .: ~CH, 
Tertiary gipatial 


: | 
eli re 127 


%- 


KETS - PREP BOOK 


Topic-14 | Chemistry of Hydrocarbons 


ii drohalogenation of alkyl halide . 

lke " halides on heating with alcoholic potassium hydroxide undergo 
dehydrohalogenation. 

° Elimination of a halogen atom from the a-carbon together with a hydrogen atom from 
adjacent $-carbon atoms. 


o The product obtained halogen acid reacts with KOH to give salt and water. 
alc.KOH 


opine) alld R—CH = CH,+ HX 


Alkyl halide 
HX +KOH ———+KX +H,0 


(iii)Dehalogenation of Vic-Dihalides 


CH30H =. 
R—-CH ~CH2+Zn = ——» R™CH=CH: + ZnX9 
| 7 Alkene 
X X | , 
(iv) Kolbe’s Electrolytic Method (Electrolysis of salts of dicarboxylic acids) 
CH2 —- COONa . 


| + 2H20 Seis _, 2CO 2NAOH + Ho + CH2=CH> 
CH2 —- COONa 


Disodium succinate 
(v) Partial Hydrogenation of Alkynes 


R 


a Pd(BaSOq) ~ 7 
R-C=C—-R + Hp bi: 


 Quinoline 7 Po an ‘s \ 
cis-Alkene 
| R 
a NalliquiaNey 7 
R—-C=C— R+2[H] C=C 
-33°C RZ \ 
Structure: g ; trans-Alkene 


The carbon atoms linked through 7-bond are sp? hybridized. Therefore, each atom carries 


three sp*-hybrids and one p-orbital. The p-orbital overlap to form 2-bond and hybrid 
orbitals form o-bonds due’to linear overlap. , ; 


© 'O=0: *\S / 
© On. (D\ 
The carbon-carbon distance in ethene is shorter (1 


.34A) than the C-C bond distance of 
ethane (1.54A). It is due to increased electron density between carbon atoms. ° 


Sens ~~ 
7 <>< Z \ 


Double bond 
Carbon atoms are coplanar, and the rotation of one C-atom wi 
restricted which results in cis 


ne th respect to other is 
-trans isomerism in alkene. 
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ADDITION REACTIONS 


_ REACTIONS OF ETHENE 


: _ AL ‘ < i \ 
Catalytic hydrogenation &°> Cy iannct Lat We ys cast a 


° 


° 


00090 


Addition of hydrogen molecule to an unsaturated compound in the presence of catalyst an 
moderate pressure to give a saturated compound. 

The catalysts which are mostly employed are platinum, palladium and Raney nickel 
Raney nickel is prepared by treating an alloy of Ni and Al with caustic soda, It functions 
better at about 100°C and 3atm pressure. 


Ni-Al+NaOH + H,O——>Ni + NaAlO, + oH, 


Hydrogenation is an exothermic process 
_ RaneyNi/pressure3atm. a 
CH, =€H,+5,-—— ae CHy=eH, 


Ethene Ethane 
Halogenation Beapers tet) 
Alkenes react with halogens to give dihaloalkanes(vicinal dihalides). 


The solvent used in the halogenation is inert, like CCl 
This reaction happens at room temperature. 
Halogen attack at the double bond in the form of electrophiles. 
The order of ease of addition of halogen in an alkene is 
F2,> Cl2 > Bra > I2 
Iodine does not react with alkenes. 
The reddish brown colour of Br2 in this reaction is discharged therefore it is used to 
verify the presence of carbon= Carbon double bond in the compound. 


Reaction. 
, see 
os cf HG _ cs 
Br Br 
Ethene 1,2-Dibromoethane 
Méchanism . 
Addition of halogen in alkene is two step mechanism 
Step-1 
/ Bs é- 
= ve +Br—Br— >CH,—CH,+ Br 
> a os cy | 
Br 
Ethene Bromonium ion 
Step-2 ee 
Br acts as nucleophile . , , a 


| 
Br Br H 


Bromonium ion 1,2-Dibromoethane 


cut Br —— Bene 
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Hydration of alkenes (Addition of sulphuric acid) 


o 


Reaction with HBr with special reference to Markov 


When alkenes are treated with cold concentrated sulphuric acid, they are dissolved 
because they form alkyl hydrogen sulphate. 


Alkyl hydrogen sulphates on boiling with water decompose to give corresponding 
alcohols. 


This reaction can be used to convert alkenes into alcohols. 


If 10% H2SQg is used, then alcohols are produced directly 
Reactions , 


| H H 
F LK ™, N ie | i 

= RY +H—-Q—-S—Q—H—> H—-C—C—0—-S=0—H 
H : 


| 
| 
; y H H é 
Cold &Cone, ‘ 
Ethyl hydrogen sulphate 
CH, —CH, -O-SO,H—2* CH, - CH¢=OPb+ H,SO, 


Ethyl alcohol 
vnikov’s rule 


oO Alkenes react with dry gaseous hydrogen halides to form alkyl halides. 
o The order of reactivity of halogen acids is HI > MBr SHC]. 
o Reaction mechanism involves carbocation formation. 


“In the additionof anainsymmetrical rea 


Reaction . 
R— CH=CH,+HX¥=—> CH, 


‘ x 
Mechanism . 
Step-1 Formation of carbocation 


H 
I 1 Ik. 
. Y ao BR Ne H+ X7 
H ‘u H u 


y Carbocation 
Step-2 Attack of nucleophile ~—_ 


J H H 
a pork — Xft 
' . 


3 H H 
Markownikov’s rule 


gent to an unsymmetrical alkene, the negative 
part of the adding reagent goes to that carbon, constituting the double bond, which has 
least number of hydrogen atoms.” , 


© Markownikov’s rule is implemented on asymmetric alkenes. 


H,C—CH—CH, 
H.C 


_ CH, Br . 
— -Bromo-2-inethylpropane’ 
: * Cl,+ HBr (Not formed ) 


‘ H, 
H,C— CH—CH, 
Br 


2-Bromo-2-methy lpropane 
(Actual product) 
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OXIDATION REACTIONS 
Addition of oxygen 


Ag0 HC 
os Re 
Ethylene epoxide 
o Epoxides serve as the starting substances for the industrial production of glycols. 
Hydroxylation 
(i) Using cold alkaline or acidic KMnOs4 (Baeyer’s reagent) — 
o ‘This is also known as hydroxylation of alkene. . 
o Dilute 1% alkaline KMnOs solution is called Baeyer’s reagent. 
o. The pink colour of KMnOs solution is discharged during the reaction. 
° ni desis can be used to check the presence of cafbén.— carbon double bond in a 
molecule. 


CH2= CH2 + 40» 


3H,C=CH, +2KMnO, + 4H,O——> 3H CH, + 2Mn0, + 2KOH 


OH 
OH OH 
Ethylene glyco! 
(ii) Using hot concentrated acidic or alkaline KMnOs(Oxidative Cleavage) 
o Alkenes when heated with alkaline KMnQg are cleaved at the double bond to form 


carboxylic acids. 
© Carboxylic acids are formed from@xidative cleavage of alkene. 


R-CH=CH@R+4[0)—"" > 2RCOOH 
Symmetri¢al alkene Carboxylic acid 
H,C -CH = CH-CH, +4[0] —“"s"_ 2CH, COOH 
2 — Butene Ethanoic acid 


(3) Combustions 
CH, CF, +30, “> 2C0, +2H,0 + Heat 


(4) Ozonolysis 
, tt Cre \ 
= ther 

Ori, +0; —— | 
CH2 2 i ne 
O—CIh\ Ethylene ozonide 

12 
| + 2H20 > 2H~CHO + 2H20>2 
O — CH? 
——— ZnO + H20 


H,02+ Zn . 
tion of double bond in an alkene. 


O» Ozonolysis is used to locate the posi 


{400°C and 100 atm pressure, 


ie cee orl organic molecules (monomers) combine together to form larger 
cules as polymers. 
molecules known a8 Pr polymerize to polythene or polyethylene. 


[Ethene a 


131 
KETS ~ PREP BOOK 


Topic-14 Chemistry of Hydrocarbons 
ee ooe.POO TT eTUToerorr' 
400°C 
n CH2 = CH2 -[-CH2 — CH2-n 


Polyethylene 


100 atm pressure 
Traces of 02(0.1%) 


A good quality polythene is obtained, when ethene is polymerized in the presence of 
aluminium triethyl ‘Al (CoHs)3 and titanium tetrachloride catalysts eee a 
Ga HYSICALPROPE PROPERTIES! OW IKANES:| as cE NE iS Pe oe: ie 


> First ithres er i:¢ eaane. . eand 
butene are gases at room temperature while 
Cs to Cis are liquids and the higher 
members are solids. | 

> They are insoluble in water but soluble in 
alcohol 

>» They have characteristic smell and burn 
with luminous flame 

> Unlike alkanes,they show weakly polar 

properties because of sp* hybridization 


>» Alkanes containing 
—C\-C, colourless and odourless gases 
—Cs-C)7 colourless and odourless liquids 
—C}g-onwards colourless and odourless 
waxy solids | 
> Being non-polar, they are insoluble in | 
water but soluble in non-polar solvents 
> Physical constants T Number of carbon 
atoms T 


Solubility 4 Molecular mass T 


CRITICAL THINKING Q 


_ CsHio is a hydrocarbon, with physical properties 


A. Colourless, odourless solid B. Liquid with characteristic smell 
C. Soluble in polar solvent D. Solid with no odour 


eee REPARATION OF ATKYNES BY? ELIMINATION: REAGCTIONS# 
Alkynes can be prepared by the following methods: 
(i) Elimination reaction 
(ii) Alkylation of sodium acetylide 
But we discuss here only elimination reactions. 
(i) Elimination of Hydrogen Halide (Dehydrohalogenation): | 
Alkynes can be prepared by dehydrohalogenation of vicinal and geminal dihalides in the 
presenceof some alkaline reagents. 
(2) Dehydrohalogenation of vicinal dihalides: 
Strong base like alcoholic potassium hydroxide eliminates tw 
halidesfrom vicinal dihalides aha alkyne, ei as 
Reaction: . | 
r Br 


CH;—CH,+ 2KOH, > CH=CH + 2KBr+ 2H,O 
Stepwise: 
(i) 
H Br H Br 


H—CH+ KOH,,——> Vete + KBr+H,0 


Fait iebeheteeeetet Tre 
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CH==CH + KOH,——> CH=CH + KBr + H,O 
(1) Dehalogenation of Tetrahalides: | 
Tetra haloalkanes on treatment with active metals like Zn, Mg etc. form alkynes. 
Reaction: ; 
Br Br 
| | 
Ts +27n —— CH=CH + 2ZnBr 


Br Br 
Stepwise: This reaction actually takes place in two steps. 

(i) | 

Br Br Br Br 

H— H+{Znt ——> aah + ZnBr, 
Br. Brew 

(il) ees 

Br pe 


‘s, , 
“aeun* 


Stee 
) Soa 


TE SS. STRUCTURE: Si SS 
The two carbons of acetylene (alkyne)are sp-hy bridized. They are linked by a sigma 
bond due to sp-sp orbitals overlap. The unhybridized two p-orbitals on one carbon 
overlap with two p-orbitals‘on other carbon to form two pi-bonds. The cloud of pi- 


electrons is present cylindrically symmetrical about the carbon-carbon sigma-bond. 
Rotation about carbonéearbon sigma bond does not cause any change in energy and = 
- electron density. It iS a linear molecule, and hence geometrical isomer is not observed in it. 


1 


oS am " 


YSICAL PROPERTIES Saini eiienaa 


ae ae are non-polar and are insoluble in water but soluble in non-polar 
? 


organic solvents. 
(ii) Color me oe iene except acetylene which has a garlic like odour. — 
They are colourless, d densities: 


«Melting point, boiling point an | 
a aati see pert voints and densities increases gradually with the increase in 
he melting p ’ 


molecular masses. 
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(iv) Physical state: 
The first three members carbon alkynes (C2-C4) are gases. The next eight members (Cs5- 


C12) are liquids and higher members are solids at room temperature. 
Reactivity 


Acetylene (alkyne) is an unsaturated hydrocarbon and shows addition reactions. It also 
undergoes substitute reactions due to easy cleavage of C-H bond. The pi-electrons are 
cylindrically symmetrical about carbon-carbon sigma bond and the removal of terminal 
hydrogen is possible without disturbing carbon-carbon bonding. Therefore, electrophile 
substitute reactions are possible in I-alkynes. ° 

ADDITION REACTIONS OF ALKYNES 
(i) Alkynes undergo addition reactions in an analogous fashion to those of alkenes. 


(ii) The high electron density of the pi bonds makes them nucleophile. 
(iii)TWo factors influence the relative 


reactivity of alkynes comparedsto alkenes: 
(iv) Increased nucleophilicity of the starting pi system 
(v) Stability of any intermediates (for example carbocations) 
Hydrogenation: 
Alkynes react with hydrogen gas in the presence of suitable catalysts like finely divided 
Ni, Pt or Pd. In the first step alkenes are formed whieh them take up another molecule of 
hydrogen to form an alkane. 


Ni => 
HC==cH +H, ———» H2,C= cn, 
Heat 


Ethyne Ethene 


. Ethene . Ethane 
Dissolving Metal reduction as Addition of hydrogen: 


Alkynes can be reduced to trans-alkenés using Na in NH; (liq.). This reaction is 
stereospecific giving onlythe trans-alkene through an anti addition. 

The stereochemistry ofthis réactiofi complements that of catalytic hydrogenation. The 
reaction proceeds through Single electron transfer from the Na with H coming from the 
NHs. These reaction conditions do not reduce alkenes, hence the product is the alkene. 


CC 4-420} _, * 4 


Na/NH; (1) ZX =e. 
| , rm 
Hydrohalogenation: 
Alkynésireact-with hydrogen chloride and hydrogen bromide to form dihaloalkenes. The 
reaction oceurs in accordance with Markownikov’s rule. | 
CH——cH + HBr ————» H2C==Cner 
Vinyl bromide 
Br 
 HoC===CH + HBr meounikov's H3S—cH 
Br es 


1,1-Dibromoethane 
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Hydration: 
Water adds to acetylene in the presence of mercuric sulphate dissolved in sulphuric acid at 75°C. 


HO=SCH +H—OH ate H,C===CHOH 
: lie Vinyl alcohol 
bs ane Is unstable. It has the hydroxyl group attached to a doubly bonded carbon 
aie and isomerizes to acetaldehyde. Except acetylene all others alkynes giveketones. 
is reaction is industrially important because aldehydes can be prepared by this method. 
O-—H 9 
+ H,C¢——C——~H 


H,c—=cH = 
Acetaldehyde 


CHy—cacn+Ho T9804. Hye —c—cH,——* Hs — CH 
H,SO, _ | 
fo—# | 
Acetane (Ketone) 


oe  ACIDIDY-OR TERMINAL ALKYNES 
In ethyne and other terminal alkynes like propyne, the hydrogen atom is bonded to the 
carbon atoms with sp-s overlap. As sp hybrid orbital has.50% s-character in it and renders. 
the carbon atoms more electronegative. As a result,the sp hybridized carbon atom of a 
terminal alkyne pulls the electrons more strongly making the attached hydrogen atom 
slightly acidic. This can be substituted with metal» Thus Substitution reaction occurs due 


toH®. 


R-C=C_ pie Wis = Cc. B-H 


Examples: 


(i) When |-alkyne or ethyne is treated with sodamide in liquid ammonia or passed over 


molten sodium, alkynides)or acetylides are obtained. Sodium acetylide is a very 
valuable reagent for chemical'synthesis and is essentially ionic in nature. 

| ~ —_liqNH = + 3 

R—C==CH + 2NaNH? QMS» R——CH==CNa + NH; 
| oe 

HO CH +t INa) ——” Na C= CNa+Nhgz 
| Disodium acetylide . , 
@r and silver are obtained by passing acetylene in the ammonical 


chloride and silver nitrate respectively. 
+ 2NH,OH ————_* AgC==CAg + 2NH4NOs3 + 2H20 


(ii) Acetylides of copp 
solution of cuprous 
HC===CH #2AgNO3 
Disilver acetylide or silver 
ethynide, (white ppt.) 
+2NH,OH ————> CuC==CCu + 2NH,CI + 2H,O 


HC==cH + Cu,Cls 
Dicopper acetylide or copper 
ethynide (Reddish brown) 

t with acids to regenerate alkynes. 


Silver and copper acetylides reac 
| ——__——————> CH=CH + Ag2S0, 


AgC==CAg + dil. #2504 
_ yy HOSSCH + 2AgNO, ; 


AgC==CAg + dil. HNOs — 3 
These alkynides are used for the preparation, purification separation, and identification of alkynes. 


similar whether in the gas phase or solution phase. 


- KETS - PREP BOOK 135 


Topic-14 Chemistry of Hydrocarbons 
opic-1: 
eEO"""CCOQNR@Q"ra[Rnnn{{QVQVue]————ex_c__T_T_eeeeeeX 
Reactions of organic compounds 
; actions fasielae 
a ea ine of organic compounds fall into four classes. These are listed below 


itution a 
aa ‘a group of atoms replaces another, e.g. in hydrolysis. 
GHsCl+ OH > GHSOH+Cr 
Chloroethane + Hydroxide ion > Ethanol + Chloride ion 
Addition 


Two molecules react to form one: 
Br2 + CH2 = CH2 — BrCH2CH>Br 
Bromine + Ethene > 1,2-Dibromoethane 
Elimination , 
One molecule reacts to form more than one: 
C2HsOH — C2Hy + H20 
Ethanol — Ethene + Water 
Rearrangement | 
One molecule reacts to give different molecule 
CH3-CH-CH=CH —= CH;—CH=CH-C¢ 
| 
Cl 
3 — Chlorobut — 1 — ene =~ 1—Chlorobut + 


Hx C1 


LP RIT 


2—ene 


STABILITY ; <E OF BENZENE 

The stability of benzene | 

© The stability of benzene is due to th 
delocalized electrons increase the stabi 

© Heat of hydrogenation of cyclohexen 


© extensive delocali 
lityiof benzene : 
€)and 1,3-cyclohexadiene is -] 19.5kJ/mole and -’ 
231.5 kJ/mole respectively 4 
© Due to the pheno 
benzene is lesser 


zation of electron cloud. The 


menon of resonance’and resonance energy, the heat 
(—208kJ/mole) than that of 1,3,5-c clohexatriene. 


of hydrogenation of 


1,3,S- . 


| Cyclohexatriene 
Expected hydrogenation 
energy 


Actual hydrogenation 
energy 


Resonance energy 


-208 kJ mol"! 


hree molecules of hydrogen and chlori 
Objection i. | 


Kekule’s structure favours the 
hydrocarbon in most of the reacti 
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unsaturation of benzene Whi 
Ons. 


le benzene acts as saturated 
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The resonance method , 
CRITICAL CONCEPT! 


Resonance 
The possibility of different pairing schemes X-ray studies of benzene structure 
> Benzene is hexagonal structural 


of valence electrons of atoms is called 


~ resonance and the different structures thus compound . 
arranged are called resonance structures. » C-C-Hand C-C-C bond angleds 
120° 


o Different Lewis structures are ~ called 

- resonance contributing — structures or 
canonical forms. . 

o The resonance structures are represented by 


> Bond length of C-C bond is 1.397A° 
> Bond length of C-H bond is 1.09A® 
‘ H 1.09A 


(<>) double headed arrow HH C™ 120° 
o Dewar is the scientist, who gave the 1397k—>| >. & 
‘concepts of para bonds in structure of | H—C ZC—H 
benzene. But his structure contributes very | ys 
little in prediction of actual structure of ly ££ 


benzene 
o Kekule’s structure of benzene 

(alternate double bonds in planar 

hexagonal ring) contributed more in 

prediction of actual structure of benzene. 
o Bond lengths in hydrocarbon are as under: 
o Bond length in C-C in benzene (1.397A") shows 9 

that it is in between single and double bond ~ 
o Due to fact of bond length, it was proposed 

— that actual structure of benzene willbe hybri 


: ee y F I. : 7 Nature of bond | Bond length 
| — Loa LD ge C_C 1.54 A° 
a’ b rf ‘es | ’ 


Dewar structures 


dof Kekule’s and Dewar’s structures. 


Kekule’s structures or 
Molecular orbital treatment: eer. | : 
Thus each C-atom is ina state of sp’-hybridization because each C-atom Is attached to 
three atoms. ~ ae | | | 


| Comb of such six structures and overlap of six hydrogen atoms (1s') produces the 
sigma framework of benzene. 7 
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Six atomic p-orbitals one on each C-atom, are present perpendicular to this sigma . 
bonding. Each p-orbital is in a position to overlap in parallel manners with neighbouring 
p-orbitals to give a continuous sheath of negative charges. 


benzene. Delocalization of p-orbitals over the entire ring produces.sandwich like 
structure of benzene and decreases the energy of molecule. Consequently, the molecule 
becomes more stable and less reactive. | 
According to this molecular orbital picture each carbon-carbon bond in‘benzene consists 
~ of one full sigma-bond and half a pi-bond. Because of this'feason, the carbon-carbon | 
bond length is equal and benzene shows substitution as‘well as ‘addition reactions. 
Modern representation of benzene: _ 
With the help of molecular orbital behaviour we concltide that benZene has a regular hexagonal 
structure with an inscribed circle, a hexagon with altemate double and single bonds. 


<—>\ 3 || «<> 


CRITICAL THINKING Q 


Q.2 


The number of pi bonds in benzene is: 
A. Three localized pi¢bonds | _ B. Three delocalized pi bonds 
C. Six localized pbonds D. Six delocalized pi bonds - 
ELECTROPHILIC SUBSTITUTION REACTION 
The species which~are electromdeficient called electr 
Presence of delocalized electrons in benzene incre 
Strong electrophile is re 
(1) Nitration 
The introduction of nitro group (NO2) in benzene ring is called nitration of benzene. 
The nitration takes place when it is heated with 1: | mixture of concentrated 
HNO3 and concentrated H2SOx at 50-55° C. | 


Sulphuric acid reacts with nitric acid to generate nitronium ion NO>* | 
Reaction 


S AND THE MECHANISM 
ophiles. | 


ases the stability of benzene, so very 
quired for attacking purpose. | 


NO, 
@ + HNO,—argc> CY _ +H,0 


HONO, +H,SO, —==C-s 


Mechanism 


NO} +HSO;'+H,0 


: ‘cae Ne NO; 
| 2 Slow _H + H,O 
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NO, | NO, 
Pe id Fast “8 
Nitrobenzene 


(2) Halogenation (Chlorination and bromination) : 7 
The introduction of halogen group in benzene ring is called halogenation of benzene. 
o Benzene reacts with halogen in presence of catalyst Lewis acid like FeBr3 , AlCls ete. 
o Chlorination and bromination are normal; reactions but fluorination is too vigorous to 


control. 
o lodination gives poor yield. 
Reaction 
‘i FeCl Cl 
+ oC + HCl 
Chlorobenzene 
Br 
O ‘ me , HBr 
: Bromobenzene | 
Mechanism 


Cl, + FeCl, —>CI@FeGl, 


; Cl 
Circ Slow Or 
Cl ~~ | 
—> Cr + H 
Chu —_ 


+ : 


FeCl; + H* —HCl+FeCl, 


When alky| benzene is treated with chlorine or bromine in the presence of sunlight, only alkyl groups are 


substituted. 
Y-CH.C1 


CH, 
cl, Sunlight + HCI 


Benzyl chloride 
SHC, 


écn.¢1 . | 
re, + HCD 


Benzal chloride 
cl 


L £ ’ 
r J + cl, Sunlight > HCl 


Benzotrichloride 


@) FRIEDEL-CRAFT’S REACTIONS | 
The.substitution of hydrogen of benzene ring by an alkyl, aryl or acyl group Is called 


‘edel-Craft’s reactions. one 
WB caiyst used In Friedel-Craft’s reactions are Lewis acids like AICI, BF3 etc. 
(i) Friedel-Craft’s Alkylation 


When alkyl chlorides are treated \ 
" takes place. The product obtained is alkyl benzene. 


d with benzene in the presence of AICI; then alkylation 
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Reaction 
on +R—X Cy +HX 
Mechanism 
R-CI+AICl, ——> AICI, +R* 
R 


RN 
Citta + AlCl; ———> Cr: + HCI] +AlICl, 
(ii) Friedel-Craft’s Acylation 


When acyl chloride is treated with benzene in the presence of AIC]; then acylation takes | 
place. The product obtained is aromatic ketone. 


Reaction 
| 
fe) A CE 
I «shtick cy CH, 
+CH,— C—Cl|——— + HC! 
Ethanoyl chloride Acetophefe | 
: O 
Cj i AICI, ec ; 
+CH— CH—C—cl——++ + HCL | 
. Sate Propanoyl chlorides _ Ethylpheny! ketone 
Mechanism it 


O 
me ee : Pil, - 
R- —CLAAICI, ms +AICl 


Opler 
ef Pax: —> on” - +HC1+AlCl, 


HYDROGENATION OF BENZENE RING 
Benzene is reduced torcyclohexane on heating at high temperature with hydrogen i in the 
presence of Pt in an acidic solvent (acetic my or Ni at 200°C asa catalyst, 


+3H, 


Ni at 200°C 
- or Pt/H,O 
___Cyclohexane 
“SIDE CHAIN OXIDATION OF ALKYL BENZENE - 
° Alkyl! benzenes are readily oxidized by acidified KMnO, or-K2CrO7. 
© dn these reactions, the alkyl groups are oxidized keeping the benzene ring intact. 


CH, « a 8 COOH — 
oO + a1 | + H,0 | 
Toluene a . Benzoicacid 


o Thecolour of KMnOs is discharged. Therefore, this reaction is used as a test for alkyl separa 
LS 
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o Whatever the length of an alkyl group may be it gives only one carboxyl group. 


CH;CH, COOH 
+ 6[O}AMe, + 2H,O + CO, 
Ethyl Benzene Benzoicacid 


BENZENE RING BY 2, 4 DIRECTING AND 3,5 DIRECTING GROUPS 
When an electrophilic substitution reaction takes place on benzene ring we get.only one 
mono substituted benzene because all the six positions in the ring are equivalent. 
However, the introduction of a second group into the ring may give three, isomeric 
disubstituted products ortho, meta and para. 


_ Monosubstituted eae eens ee | 


benzene - 40% ortho _ 40% meta 20% para 
On chance Basis 40% ortho, 40% meta arid 20%,para disubstituted products are expected. 
But the actual disubstitution of benzene does not follow this principle of chance. eg m- 
nitrochlorobenzene is ae main product 24 the we halogenation reaction. 


Oe eh 


m-Chloronitro benzene 
On the other hand, a mixture r of o-nitro-chlorobenzene and P- -nitrochlorobenzene is 


obtained from the nitration of chlorobenzene. 


Cl Cl 


AERO HSO.) , 2UNO# HSO.) 3 4:2HO 


-0-Chloronitro benzene 


. NO, 
p-Chloronitro benzene 


It means. that fs group present in the mono- -substituted benzene ring has the directive 
effect and thus,determines the position or orientation for the new incoming groups. 
There are two types groups. 
1- Ortho and'para-directing groups 2-Meta-directing groups. 
1. Ortho and para directing groups (2,4-directing group): 

e These groups release electrons to the benzene ring thereby facilitating the availablity of 

_ electfons to the electrophiles at ortho and para positions. — 

® This results in the increased chemical reactivity of benzene ring towards electrophiles. 

© / The benzene ring can offer more than one positions (ortho and para) to the new Incoming 
groups. These groups are called ortho and para diregang groups. Peet 
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CH, 


CH, CH, 
‘ ; NO, 
; 20180, +1550) 5 ; +2110 
30-40°C 
NO 


o-Nitrotoluene 


p-Nitrotoluene 
e The electron releasing effect of methyl group is significant and it makes the ring a good 
nucleophile. Due to this increased reactivity, more nitro groups can be substituted on 
benzene ring. | 
CH 


CH, CH, 
NO, NO, NO, 
HNO, + H,SO 
———— 4 +211,0 
60-70°C 
: . * ' 
2,4-Dinitrotoluene 2,6-Dinitrotoluene 
CH, CH, 
NO, NO,’ 
HNO, + H,SO, 
+3H,O 
100°C 
NO, 
’ 2,4,6-Trinitrotoluene (TNT) 


These groups are -OH,-SH,-N H,,~<N HR.—N R;.-OCH,,-SCH, , — Cl, - Br, -] 
pap Meta-Directing Groups (deactivatorsjof benzene ring): 3, 5-directing groups 
These groups ‘withdraw electrons of the benzene ring towards themselves, thereby 
reducing the availability of electrons to the electrophiles at ortho and para positions. 

. This résults in the decreased«chemical activity of benzene. 
Moreover, due to the electron withdrawing effect of such substituents, the ortho and para 

_ positions are renderedmore€lectron deficient than the meta position. 

_ Thus the incoming electrophile will prefer to attack on meta position rather than ortho 
and para positions. — 3 | 


These groupsare called meta directing groups e.g. 
‘ NO, , ; NO, 


HNO, + H,SO, 


+ HO 
95°C 


NO, 
_These groups are ~NO2, -—R, -NR?,—C=N,-— COOH, — CHO, — COR, -NH*,- CCl, 
COMPARISON OF REACTIVITIES OF ALKANE, ALKENE AND ALKYNE 
Reactivity order of alkane, alkene and alkyne is as follows: 
, Alkene > Alkyne > Alkane 
Alkenes: n-bond in alkene is not only weak but its electrons are more exposed to an 
electrophilic attack. Both these facts make alkene very reactive class of compounds. 
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Alkynes: Alkynes are les reactive than alkenes for electrophilic reagents although 

contain two m-bonds. This is because bond distance between two triply bonded carbon 

atoms is very short. As a result, its 2-electrons are tightly bound and are not available for 

electrophilic attack. Hence, are less reactive than alkenes. . | ) 

However, alkynes are more reactive than alkenes for nucleophilic reagents. 

Alkane: Alkanes are least reactive due to the presence of o-bonds. o-bonds are stable 

because o-electrons revolve around internuclear axis and are tightly bound between the 

nuclei. As a result, electrophiles cannot attack on them. 

Carbon to carbon bond lengths: 

(i) C-C =154pm (ii) C=C = 134pm (iii) C=C = 120pm 
COMPARISON OF REACTIVITIES OF ALKANES, ALKENES AND BENZENE — 

_Alkanes are unreactive class of compounds and their unreactivity is due to their non-polar 
nature and inertness ofo-bond. But they undergo substitution reaction relatively easily 


involving free radicals. | 
Alkenes, are very reactive class of compounds,and their reactivity is due to the inherent 
weakness of the m-bond and availability of m-electrons for the electrophilic reagent. 


o They undergo electrophilic addition reactions easily, 

o Relatively unstable, alkenes undergo polymerization reactions. 

o They also undergo oxidation readily.) fer 

Benzene is unique is its behaviour. 

o Itis highly unsaturated compound but very stable molecule as well. 
Its stability is due to the extensive delocalization of z-electrons. 


O 
o Itresembles alkenes when it gives addition reactions. 7 7 
0 Its substitution does not involve free radicals but follow electrophilic substitution 


reactions. | 
o It requires drastic conditions as compared to alkenes. 
© It is also resistant to oxidation. 


Some examples of comparison: 
Alkanes Alkenes © 


fh Structure Open Chain — Closed Chain. 


" Addition reaction Addition reaction 


Photochemical 
Substitution 


No reaction | Colour of KMnOs is 
. discharged 


Benzene 


Photochemical Addition 
and electrophilic 
substitution 


No reaction. 
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COURSE CONTENTS 


° Classification of alkyl halides 

e Discuss structure and reactivity of alkyl halides 

@ Mechanism of nucleophilic substitution reaction (Sn, Sn2 reaction) 
e Elimination reactions (E; and E2 reaction 


2. INTRODUCTION 


Definition: 
Alkyl! halides are the compounds in which one hydrogen atom of alkanes has been 
replaced by one halogen atom. They are also known as halogen derivatives of alkanes. 
Types: 

They may: be mono, di, tri or poly haloalkanes depending upon the number of halogen 


atoms present in the molecule. Monohaloalkanes are called alkyl halides having general 
formula R-X. 


Monohaloalkane Dihaloalkane 


Trihaloalkane 


Primary alkyl halide Secondary alkyl halide 
o Alkyl halides in which Alkyl halide in which 
halogen atom is attached halogen atom is attached 
with primary carbon are with a secondary carbon 
called primary alkyl atom is called secondary 

halides. alkyl halide. 

o Carbon atom attached to © -C-atom, attached to two C- 
one or no carbon atom is atoms Simultaneously is 
called primary C-atom. : called secondary C-atom. 

CH, 


me "C-Cl 


Tertiary alkyl hatide 

oO Alkyl halides, in which 
halogen atom is attached to 
a tertiary carbon is called 
tertiary alkyl halide. 

© C-atom, attached to three C- 
atoms simultaneously is 
called tertiary C-atom. 


CH, 
Examp!e: 


*CH3-Cl, CH3—*CH2-Cl 
*C is a primaryyearbon atom 


. 1-Butyl chloride 
H;C——-C—Cl —2-Methyl-2-chloropropane 


* = Tertiary carbon atom 


H 
Isopropyl chiori de 
2-cholopropane 
*C is a seconda 


CH, 
carbon atom 


@, The alkyl! halide functional group consists of a sp’ hybridized C atom bonded to a 
halogen (X) via o bond. | 
O The carbon halogen bonds are typically quite polar due to the electronegativity and 
polarizability of the halogen. 
H 
lis a) 
aac cae | 
H 
R= Alkyl group 


———— SSeS 
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There are two main factors which control the reactivity of alky! halides: 
(i) Bond polarity of C-X bond 
(ii) Bond energy of C-X bond 
(i) Bond Polarity 
The molecule of alkyl! halide is polarized due to the greater electronegativity of halogens 
as compared to carbon. Carbon acquires partial positive whereas halogensacquires,partial 
negative charge. Halogen becomes nucleophilic and can be replaced by another | 
nucleophiles. On the basis of bond polarity, reactivity of alkyl halides decreases inthe 
following order, 

R-F > R-Cl> R-Br> R-I 
Electronegativity — tn 


Electronegativ ity. 


Atom — 


(ii) Bond Energy 

Experiments have shown that the Sand energy of C-X bond is . 
the main factor which decides the reactivity ofalky palideg 
and not the polarity of the molecule. 

A study of bond energies of C-X bond shows that'C-F bond is 
the strongest. So, the everan order of reactivity of alky! 
halides is: 


Bond energy 
(kJ/mole) 


R-I > R-Br> R-Cl@ R-F 
_ In fact the C-F bond is so es that alky! fluorides do not react 


under ordinary conditions. 
NUCLEOPHILIC SU JBSTITU TION REACTIONS OF ALKYL HALIDES... 


Nucleophile: 

A nucleophile is electromrich species. 

o It will react with)an electron poor species. 

o Ithas.an unsharedpair of electrons available for bonding. 


o In most cases itds basic. 
-o It may,be negatively charged or neutral. 


Examples: , 
HO”, G2Hs0%, SCN’, Hs, 120, NHz, CT, Br, I, NH3 etc. 


Ele¢trophile: 
An electrophile is electron deficient species. 
It will react with an electron rich species. 
Tthhas.empty orbitals available for bonding: 
In most cases it Is acidic. 


It may be positively charged or neutral. 
The coils C can be recognized by looking for the polar sigma bond due to the 


"presence of an electroneganve substituent (esp. C-Cl, C-Br, C-I and C-O). 


Examples: 
BF3, AICI, FeCls, carbocation like CH3" etc. 


_ wey 


Substitution: ~ 
A substitution implies that one group Siar another ina ‘oleate 
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Substrate: 

The alkyl! halide molecule on which-nucleophile attacks is called substrate. 

Alky! chlorides, bromides and iodides are good substrates for nucleon! substitution reactions. 

Leaving Group (LG): 

Leaving group is also a nucleophile. It departs with an inghared pair of electrons. 

o The incoming nucleophile must be stronger than the departing one, Cl, Br, T, HSO4¢ 

are good leaving groups. Poor leaving groups are OH’, RO” and NH2. 
© lodide ion is a good nucleophile as well as a good leaving group. 
' Carbocations: 

The species in which one carbon atom is positively charged is called carbocation. It can 

be primary, secondary or tertiary. 

Stability of carbocations: 


The general stability order of simple alkyl carbocations is, 
(most stable) 3° > 2° > 1° > methyl (least stable) 


; -H3C H H H 
Nn ier as 3 \t7 ty 
1 ‘¢ | | 
CH: ~ CH; | He H 

3° 7° * ihe methyl 
This is ere alkyl groups are weakly electron donatingydue to hyperconjugation and 


inductive effects. Resonance effects can further stabilize carbocations when present. 
Reactions involving carbocations: 


- ©. Substitutions via the SN); 
o Eliminations viathe E; _ 
o Additions to alkenes and alkynes 
Bronsted acid dissociation and SNi reaction: 


These two equations represent Bronsted acid dissociation and loss of a leaving group ina 
SN oe reaction. | 


H—A fe Ho +40 


| “a ——C’ +LG 
. Similarities: 


o Both show heterdlytic cleavage ofa sigma bond to create an anion and a cation. | 

o For acidity, dhe more stable A” is, then the more the ‘equilibrium will favour 
dissociation, and‘release of protons meaning that HA is more acidic. 

For the leaving group, the more stable LG is, the more it favors "leaving". 


© Hence factors that stabilize A° also apply to the stabilization ofaLG. 
Common leaving groups: | 


But water itself is a good leaving group, since it 2 5 the conjugate base of H30*. 
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Importance of nucleophilic substitution reactions: 


n 


p62 aia : 2 7 . = = = » _ , 
NUCLGODOILIC SIIOSTTUIMIOn reectioe< 4-2 =n fees ec 233 01 Teacions tial 2ik0w i 
£ rr ee EU GE as Lee be oe ay ee fo wt: > ooo en | = 
- = leat ~ c =. = ah ~s—- = oi 
ntercomversion of fimetione! cromes. A yereo of nuclearhilesc 2 ESSE §D veneer 

a : Si r] ii Tots) - J * = —— eT! = F ) Senet Zz 
INSTRU YS Bri WES SCRE A VSR O11 DUC CODES a = "oo 

7 = -_ — = = > 

rence OI new thmectione! eromms : 
Patiae Ul lies Loire) Uris. 


Examples: 


The following diagram reflects some of the more important reactions you may(iipmamstcr. 
P< —x = P 
R—OH 
R-C=C-R 7 
ae < 
E¢co : 
> race ff we 
oe a? y 
~ f Ee 
‘\ f wR 
os ee 3 Pia 
R-C=N <—:C=N— R-X — 
one ? 
aa t x ca O 
- ml: FS 
AT f 5 = 7 Pian 
na i= R-O R 
Fg ri-> y 
y | 4 
R-—NH Y R-SH 


NUCLEOPHILIC SUBSTITUTION REACTIONS 


Nucleophilic substitution reactions: 
Nucleophilic substitution reactions occur when ameleciron rich species, the nucleophile, 
reacts at an electrophilic C atom attached to amelectronegative sroup. the leaving group. 


7 |SN | _ 


Nu ——c—_# nN st 


| 


MECHANISMS FOR NUCLEOPHILLIC SUBSTITUTION REACTIONS 
There are two fundamental events in a nucleophilic substitution reaction: 
o Formation of the new bond fo the nucleophiles 


o Breaking of the c bond to the leaving group ; 
Depending onshe relativedtiming of these events, two different mechanisms are possible: 


o Bond breaking to form a carbocation proceeds the formation of the new bond: SN; 


reaction 
oO Simultanéous bond formation and bond breaking: SN2 reaction 


SN1 MECHANISM: 
‘It,is substitution nucleophilic unimolecular two step reaction. 


Explanation: ; ; re 
The substrate R-X first ionizes reversibly into R+ and X- ions. Then the carbonium ion 


combines with the attacking a ae to form product. 
| Slow 
R—X oo CORR GF XX 


Fast 
R* +N —_—7 = R-—Nu 
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o This step involves the ionization of tertiary alkyl halide in the ‘saisainapisis tenn vent, 
o This step is reversible in the presence of aqueous acetone or aqueous ethyl! alcoho 
o This step results in the formation of carbocation as an intermediate. 


H.C. CH, 
HO mm / 


HC BF ___ slow _~ + Br 
fies CH, 
Tertiary alkyl halide Carbocation 
sp -hybridized sp -hybridized 
carbon carbon 
tetrahedral planar triangular 


o This step involves the breakage of covalent bond, so it is 4 slow step. This step is rate 
determining step. ; 
o During this step, there is variation in hybridization form ‘tetrahedral sp to planar 
triangular sp”. 
Step 2: 
o This step involves the attack of nucleophile on carbocation 
(i) The nucleophile attacks when the leaving, group had already gone. So, the 
question of the direction of the attack does not arise. 
(ii) | The intermediate carbocation is a planar specie allowing the nucleophile to attack 
on it from both the directions with,equal ease. Therefore, there is 50% inversion 
of configuration and 50% retention of configuration. 


50% 50% 

oo of Inversion of 

H,C CH, configuration configuration 

a HO 7H, 

ie B Be 
HO + | + O08 —m— H,C—C—OH + HO—C—CH, 

Hi, H.C H, 
Carbocation Tertiary alcohol 
sp -hybridized  . ; sp -hybridized 

carbon carbon 
planer triangular tetrahedral 


The brief mechanistic picture of SN; reaction base upon the following evidences: 
Kinetic Evidence: 
The rate ofan SNi reaction depends upon the concentration of alky halide only. The 
change in concentration of attacking nucleophile has no effect on the rate. 
| Rate =k [R-X] 
It isbecause the nucleophile combines with the carbonium ion in the sec 


ond step. For the 
same reason, the rate of an SN; reaction does not depend on the nature of attacking 
nucleophile. - 


Stereo Chemical Evidence: 


Experiments have shown that SN; reaction occur with partial racemization. The extent of 


partial racemization depends upon several factors including stability of carbonium ion. 
Racemization: 


The carbon atom of carbonium ion-is s 
nucleophile can attach itself to the p 
carbon with equal ease. The expected 


7 © 4° ° 
p hybridized and carries one empty p-orbital. The 
orbital either on the right or on the left side of 
product is a racemic mixture and optically inactive. 
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+- 
NS 


m=O 


3 
Partial racemization: 


In case of unstable carbonium ion, the side of leaving group is somewhat shieldedy The 
attack of nucleophile occurs more often on the side opposite to the leaving group, leading 
. partial inversion of configuration. Therefore, the product has some optical activity. 
tep 1: 
Slow iss of the leaving group, LG, to generate a carbocation intermediate, then 
l | | 
cto — 0 + LG 


Step 2: 

Rapid attack of a nucleophile on the electrophilic carbocation to form a new o bond. 
Nu + G@— —— At oc 

SN2 MECHANISM: 


Iti is substitution nucleophilic bimolecyfla reaction. Iboccurs in one step: 
: R-—X+Nu “= ~ Nu+ X™ 


CH, ~Br#OH => —>CH, -OH+Br- 


Mechanism: 
The attack of nucleophile’ on carbon and the departure of the halide’ ion take place 


simultaneously in single)step. This’ is rate- determining step because the bond breaking 
and bond making processesyoceur simultaneously. Since two molecules are undergoing 
change in covalengy in rate determining step. It is a bimolecular nucleophilic substitution 


reaction which is‘taking place in one step. 


H \Z ‘ 


Nud HOC —k)—> Nu CK ——+ Nu —C —H 


H 
Transition state Inverted molecule 
. H H H 

RK 7 | ‘ye 
OH +  H--C- Br—— > HO------C-------Br ——> HO —C--H 
/ | Joe hy 
H H . 4 

Transition state Inverted molecule 


This is based upon the following evidences. 
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(1) Kinetic Evidence: | 
The rate of an SN2 reaction depends upon the concentration of nucleophile as well as the 
concentration of alkyl halide. The rate expression for the reaction can be written as, 
Rate = k [Nu] [R-X] 

Where k is specific rate constant | 
This means that the rate of reaction will be double if the concentration of any of the two 
is double ¢.g., the rate of following reaction increases when conc. of either OHMGE 
CH; ~ Br is increased. 

H,C - Br +OH —+CH, -OH+Br 
(2) Stereo-chemical Evidence: 
A bimolecular nucleophilic substitution always occurs with inversiofs of con @@iitation. 
The carbon atom in transition state is sp*-hybridized and is planar{?htc attacking 


nucleophile and the leaving group are present in the transition state on eppasite sides of 
electrophilic carbon atom. 


Comparison of Sxl and Sx2 Mechanisms: 


I | [tis a two steps mechanism. 


ll 


It ts 2 SMaghesten Mechanism. 


It DGS Gtihy ORE Sep that is slow. 

It AP HaGlecular reaction. 

It (Gourd in non-polar solvents. | 
Mostly primary alkyl halides show this | 
resction 


2 | First step is slow one and second is fact. 2 
3 | Mt isa unimolecular reaction. 3 
4 | It is favoured in polar solvents. 4 
5 | Mostly tertiary alkyl halides show this 4 

6 


anne 


KIR-X) OQ ND Rate = [Nu] [R-X}o 


| reaction, : | 

6 50% inversion and $0% retention of £00 * inversion of configuration takes | 
configuration takes place. Pixte. | 

7 | Rate = 


The chemical reaction in witich GaherGups are climinated from Iwo 
called climination reactiof. Sintec 
called fi-climination. 


adjacent atoms is 
Pelivdrogen is necessary for climinations, it is also 


Explanation: | 
f-hydrogen atom ey shghtly acidic due to electron withdrawing effect of halogen 
le A H oH 
7m C.-X—+*H-G - C’ +x" 
H oH H H 


Substitution and elimination reactions: 
The attacking nucleophile can either attack a-carbon to give substitution product or fi- 
hydfagen to give climination reaction, 


“HOH H oH 


Y « 
Mee H C CK —e Cee « XY 6 ns 


H KH H H 
Pliers 


rr wi Nf 
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“HH H 
| 
—, Nu -C 
| 
H 
Substitution 


Strong bases such as OH”, RO”, NH2" etc cause elimination in preferences to substitution. 
Highly polarizable nucleophile and weak bases such as I", RS etc give substitution, 


reactions. — 
CH,;—— CH G@ 
ee ‘2 sa OCH; 
C,H;ONa’ + CH;—~CH——CH; *. _ 21% substitution 
Bre CH==CH—CH; 


79% elimination 
E: MECHANISM: 
_ It is unimolecular two step elimination reactions, 


Explanation: 
~ The substrate undergoes slow ionization in the first step to form carbonium ion 1 anid j in the 


second step the solvent « or base pulls off a B- ees 


H, 3 , : : “HEC CH, 
mele Og | - eeaslOW D>. ne 5 Ae 
io” > a 
Tertiary alkyl halidg, Va Ay. - Carbocation - 
sp- ele » f sp fyoriduacd 
_ carbon 47 7 a” - carbon _ 
tetrahedral — . = planar triangular 
/ [ae GH, -: *°.H CH, 
, Prana: Nps HO 
qe 
Ae oC ia 


2-Methylpropene 
é . (Isobutylene) 
Molecularity: & - : 
Since only one molecule. is undergoing a change.in the rate determining step, L.e., first 
step, this is two step unimolecular elimination reactions. 


First order kinetics: 
The E\-mechanism has been suppo 


kinetics, in which rate of reaction depends only on the co 
Rate = k [R- “A 


rted by the study of the reaction. It follows first order 
ncentration of substrate. 
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Carbonium ion: 
The presence of carbonium ion as an intermediate has been indicated by the progange of 
more than one kind of climination products, A relatively Jess stable carbonium fap 


rearranges to pive more stable carbonium before piving elimination product, 
CH, CH, 


Slow 4 
hh—_-(—ci—-- >, —=———_ Ci G—— CH CH, + ir 
“Br 
CH, = Br CH, 
2° carbonium ion 
CH, * CH, 
4 
Ciy—C¢——Ci—CH, —_— CH CCH 
4 
CH, CH, 
: 3”-carboniim ton 
Cll CH, 
Base 
Cli; -——-C —— Cl l= CH, ————_—____I> Ch» — C=C —Cig + fdase-H 
+ 
Cy CH, 


3°-carbonium ion 
E2 Mechanism: 
It is bimolecular one step elimination reaction. 


oom A H RH 
J‘ lyia i 
B+R° C -C XNier UMC + X + BH’ 
a | 
H «H H H 
Explanation: 
Consider the reaction; 
hi B----H 
B “+ ah ge ce 
L er [A et Cox + BH’ 
Kd x 


The attacking base removes a proton from the }-carbon simultaneously with the 
formation of double bond between Cy and Cp and the loss of halide ions. 

Rate determining step: 

This is rateydetermining step because bond breaking and bond deine processes are 
daking place simultaneously. . 

Molecularity: 

Since two molecules are undergoing a change in transition state, it is a bimolecular one 
step elimination reaction. 

Steps: 

Thus Ez is a one step process in which both the substrate and the base participate. 
Second order kinetics: 


The obseied rate law for Ex-reaction is 
Rate = k [R-X] [Base] 
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The rate of E2-reaction depends upon the concentration of substrate and the base e.g., for 
the reaction, 


. HO----H 
a : 
Le I~, ie CH=CH] = HOH + CH, = CH, + Br- 
HO + CH,—cH, —»> H ‘i 
B 


Q-=- 


Br, 
Transition state 
The rate of reaction follows second order kinetics. 
Rate = k [CH3-CH2-Br] [OH] 
Substitution versus Elimination Reactions 
Though substitution and elimination reaction lead to different products, there is always a 
competition between them because of close resemblance -in thein. mechanism. Since 
substitution is more favorable energetically it is the dominantfeaction inthe substitution- 
elimination reaction. Elimination occurs only in the presence of, B--hydrogen where 
substitution reactions do not require this condition to beSatisfied. 
The following factors help to compare these two pathways: 
_ (i) Structure of Substrate: 

Crowding within the substrate favours elimination oversubstitution because the approach 
of the nucleophile to a-carbon is difficult for substitution. However, the elimination is 
favorable because the removal or 6-H atom by base from CeIn planar carbonium i ion is easy. 


Example: 
H,;C——CH, + C5H,O°Na’ — H,;C—CH, + H,C==CH, 
7 - C,H;OH ‘ 
SCH; . | OCH; 
‘Substitution = 88% Elimination = 12% 

CH; : CH; CH; 

H;C—-CH © + CgH,ONa )———— H,C—CH + 'C==CH 
 C)H;OH 


SCH; OC,Hs 
” Substitution =39% — Elimination= 61% 
(ii) Nature of Base: 
When the electron pair donor is a strong base, e.g., OH, “OR etc., the dominant reaction 
is E2 and SN> reaction is a Side reaction. However, when the nucleophile i is a weak base 
like X, RS, a the , reaction will be SN2 and E2 will be minor side reaction. 


HO H 
C—-C+0H—> a, Sa 
H H a HoH 


Lal 
H- Pe O-x +CH, COO— PHT C —C—OCOCH,+X 
1d os 


H 
The Nature of ae Group: a ar 
The role of leaving proups in Elimination reactions is similar to that in substitution 


reactions. pare 
In unimolecular reactions it does not affect the mechanism because both the elimination 
decided with carbonium ion. 


and substitution products are TT 
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However, in the bimolecular reactions the nature of product greatly depends upon the 
nature of leaving group. 
Example: 
Pn CyHly -X + (CH,),COK ———+nC,,H,, —CH= CH, +n— C,,H,, OC(CH)), 


X=Br 85% 15% 
X=OTS = Tosylate group 1% 99% 
) 


Nature of Solvent 
Elimination is favored more 
than substitution by 
decreasing the solvent 
polarity. Thus alcoholic 
KOH affects elimination 
while more polar aqueous 
KOH is used for substitution. E; is favored by polar solvents like SN) reaction. In non- 
polar solvents, the reaction will follow E2- mechanism. 
Effect of Temperature . ) 
An increase in temperature will favor elimination more than substitution, because 
substitution reaction involve less reorganization of bond as compared to eliminations. 
Example: | —, 3 

CH s-CH-CH s+NaOQH —2*8-4 CH CH=CH ,+(CH,),CHOH 

Br 


CRITICAL CONCEPT! 


When alkyl halide reacts with alcoholic KOH, 
reaction will be elimination preferably. 
C,H, ~ Br+ KOH —““tey.CH, =H, + H,0+KBr 


at4s°o » 3% | 47% 


Two steps mechanism 


Molecularity is one Molecularity is two 


Rate a [R—X] Rate a [R—X] [Base] 

Rate = k[R—X ____ Rate = k[R-X] [Base 
Tertiary alky! halides generally give E; Primary alkyl halides generally give E 
reactions. : reactions, 


Order of reaction is one. Order of reaction is two. . 


The reaction is: The reaction is: 
R-X —“<) G4arbocation + X~ 


Carbocation+ Base —@'—» alkene +H20 


CRITICAL THINKING Q | 


Q.1 Primary R-X treated with aq KOH will give alcohols under ___s mechanism 
A. SN, B. SN2 
D. E2 


R-X + OH- —“"_} Alkene + H2O + X- 


er 


4 
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° Classification: Primary, Secondary and Tertiary elicoinnis 
° Reactivity 

8 Phenols 

8 Physical properties 

° Acidity 

° Reactivity 


® Da eke as between alcohol and pheno! 


° Aictcls: esis: and jethes 3 ave classes of 0 Orgaic < Cs wie are mh Coser 


water in structure and hence consi idezed es derives yo ® fea ; 
oj oS Cy. 
ae “eo ae 
we a ea NN yo Se 
Bg Ez CHE / R x 
Water Aleshot Pret Eves 


© When H of alkane is replaced by OH group, then & is called alcohol 
e When the H of benzene ring is replaced BY OR Grote. hen © i called phenol 
The linkage between two carbon atoms ich oxveca atom is called etves- 


Monohydric Pofotredtrac ‘o. 
“ Gluceral Ss 
| GO Bencyt estat 
CH-O 
I* ale. F ale. ¥ ale. CH: —-CH 
(Primary) (Secondary) (lest ertiaryy 
CHICHOH CH,-CH-O a 
om, CH,-C-O# 
I 
CH, 
REAC TIONS OF ALCOHOLS 
Reactivity of -OH group . ee 
® Oxygen atom of the _—OH group in alcohols is sp° lnybridized — 
° The carbon oxygen bond (C-O) and hydrogen oxygen bond (O-Ti) we Ings 


polarized. | Saat 
The negative charge is present on the oxygen atom of alcohot. 


+ 
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Chemical properties 
e Alcohols react with other reagents in two ways | 
(i) Reactions in which C-O bond breaks. 
(ii) Reactions in which O-H bond breaks. 
e The order of reactivity of alcohols when C-O bond breaks 
Tertiary alcohol > Secondary alcohol > Primary alcohol 
e The order of reactivity of alcohols when O-H bond breaks 
CH30H > Primary alcohol > Secondary alcohol > Tertiary alcohol 
e Nucleophile breaks C-O bond of alcohol. | 
e Attacking electrophile breaks O-H bond of alcohol. 
Catalytic oxidation of primary alcohol and secondary alcohol in presenc@of K2Cr207 


and H2SQq, converts them into aldehydes and ketones reSpectively; while same 
reaction of tertiary alcohol gives alkenes. 


On heating with H2SOs4 (conc.), alcohol changes to alkene! 
_ (i) Oxidation of alcohol: 


C,H,OH + [O] tig > CH, - CHO +H,0 © 
Pag Ole +[o] 4S y =0° + H,0 


oe CH, CH, 
NOTE: Tertiary alcohols resist_to oxidation instead the 


presence of acidified K2»Cr2Oy. 
CH, 


show elimination reaction in the 


H,SO, 

H, . 7H, 

(ii) Reactions of alcohols in which G- O bond cleavage occurs 
C,H;OH + PCI, —> CyH.Cl + HCl + POCI, 
3C.H.OF +.PCl; —¥3C,H,Cl 4 lar O, 

C,H,OH + SOCI,, <r, C,H,Cl + SO, + HCI 
C,H,OH + NH,—“2-+ C,H,NH, + H,O 
C,H,OH + HCl +*"245)C,H,Cl + H,O 
(iii) Reactions of aleoholsin which O-H bond cleavage occurs 
C,H; —OH + 2Na —*#"! 5 CH, -O-Na* + H, 
(iv) Iodoform test: | 


Ethanol gives iodoform with iodine in the presence of NaOH. Formation of yellow 
crystals indicates that the alcohol is ethanol. Methanol does not give iodoform test 
C,H,OH + 41, + 6NaOH —+> CHI, + HCOONa + 5Nal + 5H,O 


lodoform 


CH,OH + 1, + NaOH—~ No yellow ppt. 


CH,-C- OH + [0] —2., cH,- c= CH, +H,O 


CRITICAL CONCEPT! 


O-atom of the —OH group in 
alcohols is sp> hybridized 
The carbon oxygen bond 
(C—O) and (O—H) are highly 
polarized. 
The negative charge is present 
on the oxygen atom of alcohol. 


(v) Esterification 
It is nucleophilic substitution 
carboxylic acid is replaced by 
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reaction with respect to carboxylic acid. Here 


—OH group of | 
RO- (alkoxide) group of alcohol ) 
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| C,H,OH + CH,COOH =“ CH,COOC,H, + H,O 

(vi) Dehydration : 
pleanols react with con. H2SOsg and give different products at different temperature. 
(ij) = C,H,OH —"=iS": 5 CH, = CH, + H,0 


180°C 
(ij) = 2C,H,OH —"SiR8 _ C,H,-O-C,H, + H,O 
Methanol does not produce any alkene on reaction with conc. H2SO« because methanol 
has no B-hydrogen. Therefore, B-elimination reaction does not take place. 
Distinction between primary, secondary, and tertiary alcohols | ) 
Primary, secondary, and tertiary alcohols are identified and¢distinguished by their 
reactivity with halogen acids in the presence of anhydrous ZnCl. 
For example when alcohol is treated with a solution of ZnCl2 in conc. HCI, then if 
(i) Tertiary alcohol form an oily layer immediately. 7 
(ii) | Secondary alcohols forms an oily layer in five to‘ten minutes. 
(iii) ie alcohols form an oily layer only on heating. 

R 


| | | 
R-C—OH + HCI es RC CRO 
Fl Immediately \or iow 
R R > 4 
ee Tertiary alkyl halide». 
R R \ 


Sy 
\CHOH + HCl nae “<CH—CI+H,0O - 
9-1 ORine 


R | 
. Secondary alkyl halide 

| | ZnCl, Aa nc : 
R—CH,—OH +HCl ey R—CH,—Cl.+H,O 


Primary alkyl! halide 


CRITICAL THINKING 


Q.1. Which‘bondiis most polar in ethanol, CHsCH,0H 
. B 


A. C-H .O-H 
CiC-O | D.C-C | 
| Phenol | 
r more —OH groups directly attached with 


_ Aromatic compounds which contain one oO 
carbon of benzene ring are called phenols. 


Physical properties: —— - 
e Mt is colorless, crystalline, deliquescent solid with characteristic smell (phenolic odour) 


Its melting point is 41°C and boiling point 182°C. | 
It is sparingly soluble in water forming pink solution at room temperature but completely 


soluble above 68.5°C. 
e [tis poisonous and used as ad 


© 
isinfectant in hospitals and washrooms. 
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Simplest Phenol . . 
Carbolic acid (benzenol) (CsHsOH) is phenol. aes first obtained on coaltar by Runge in 1834, 
H H . : 


Phenol 1,2-Dihydroxy benzene 1,4-Dihydroxy benzene 1,3-Dihydroxy benzene 


o-Hydroxyl phenol p-hydroxy phenol m-dihydroxy phenol 
(catechol) (hydroquinone) (resorcinol) 
OH OH 
; 1) JNO, . Ls 
5 3 ; 5 
4 4 NO, 
A> * 
2-Nitrophenol -  3-Nitrophenol  - 2,4,6-Trinitrophenol 
o-Nitrophenol ‘m-Nitrophenol Picric acid 


REACTIONS OF PHENOLS 


Reactions of phenol 
Phenol shows two types of reactions 


(i) Reaction of phenol,due to -OH group 


Nature of reaction Remarks 


on w+ . sgt steed 
; H,0. | i 
Cd he NaOH | a oO + HO 
x ‘ : ‘ Ee 
Phenol aie Sodium 
OH at 3 phenoxide 
7 a | : 
3 + Zn (dust) dy | 
© : d ; distillation @ : + 2nO 
Phenol aa 


Benzene 
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Reaction of Phenol Due to Benzene Ring | 


> At room temperature, the product is a mixture of o-and p-nitrophenol 
- with dil. HNO3 a 
> At higher temperature, the product is picric acid with concentrated 
HNO3 a 
Introduction of HSO;is called sulphonation a mixture of ortho and para 


| products at 15to20C ~ 
> This is a condensation polymerization of phenol 
> Formaldehyde polymerizes with phenol to produces Bakelite. 


> Bakelite is used for manufacturing of switch buttons” 


Nitration 


Reaction with 
7 formaldehyde 


. Hiics see OH ice 
; 2 + 2 HNOsaii) pee Sa o” O “+ /2H20 
- Phenol o-Nitrophenol fon NO>» po 
: p-Nitrophenol 
OH ; 
- =F 3 HNOs3(conc.) + 3H20 
Phenol om Eee. 
J ioe - . - NO2 


2,4,6-Trinitrophenol 


ws OH — ; ; . . OH OH ; 
: 7 ye OH CC, , SO3H 
2 + 2H2S04 a> - ae © + 2H20 
| p | ea | en : 
Phenol a, ; . o-Hydroxybenzene SO3H 


sulphonic acid p-Hydroxybenzene 
sulphonic acid 


i” — 
~ + 3Br. 
Phenol y : : 
OH | 
. > 
+ 3H2 150°C H H 
Phenol H : 


Cyclohexanol 
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RELATIVE ACIDITY OF WATER, ETHANOL AND PHENOL 
Phenol is: 


¢ Too weak to affect the litmus paper. 
‘e Unable to evolve CQ: from carbonates. 


© Its Ka is 1.3 x 107! and pKa is approximately 10. 
e Acidic in nature. 


Reason 


The acidic nature of phenols, as compared to alcohols, can be attributed to the formation 


of stable phenoxide ions after loss of proton. 


’ Phenol Phenoxide 


The phenoxide ion, thus formed is resonance i~S 


— O+-0- gE 


The ieuaive charge spreads throughout the benzéne ring and is thereby dispersed. This 
- delocalization of the charge accounts for the stability of the phenoxide ion. 


Example: | 
Being acidic, phenol reacts with NaOH or Na metal to form salt, which shows that it is 
acidic in nature. | 

g O-Na’ . 


NaOH +H,O 


Phenol Sodium Phenoxide 


Relative acidic strength of alcohol, phenol, water and carboxylic acid i is as follows: 
_ Carboxylic Le > phenol > water > se) 
Phenol OW 4 | 


Garboxylic acids 


beet we 160 - 
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DIFFERENCE BETWEEN ALCOHOLS AND PHENOL 


ALCOHOLS 


The compounds in which hydroxyl group 
is attached to an alkyl group. ( R- OH) 


Alcohols are also 


. called hydroxy! 
derivatives of aan _ 


PHENOLS 


The compounds in which hydroxyl group is 
attached to an aryl group. (Arz oul 


Phenols are called hydroxyl derivatives of 


benzene 


| The compounds i in which one hydrogen of |e The compounds in(which one Frozen of 
water is replaced by an alkyl group e.g 


CH3-— OH. . 
The general formula of alcohols i is R-OH. 


Alcohols: may be monohydric and 


polyhydric depending on the number of — 


OH groups attached. 


Lower alcohols are generally colorless 


liquids. 


Alcohols have a characteristic sweet smell 


and burning taste. 


‘ They are readily ‘soluble in@water but 


solubility decreases in higher alcohols. . 


~ Alcohols react with other reagents i in two 


ways 


| () In which C — O bond breaks 4 — 


In which O — Hibond breaks. 
Alkoxide ions nave, no 
structures. 


resonance 
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water is replaced by an aryl group e.g. 


» The generalformula of phenol is s CeHs-OH. 


Phenols are acidic (pKa +1 0) 


It is also known as aoc acid. 


Phenols are not MP yar or polyhydric. 


, ¥ are colorless, crystalline, deliquescent 
solid, 


THePhave characteristic phenolic colour. 


It is sparingly soluble in water forming pink 
solution at room. temperature but completely 
soluble above 68.5°C. __ | 
Phenol react with other reagents in two ways 
(i) Reactions due to -OH group 


(ii) Reactions due to benzene ring. 


Phenolate have reasonance structure. 
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Explain structure of aldehydes and ketones 
Preparation of aldehydes and ketones 
Reactivity of aldehydes and ketones and their comparison. 

Acid and base catalyzed nucleophilic addition reactions of aldehydes and ketones. 
Chemistry of aldehydes and ketones by their reduction to alcohols 

Oxidation reacti dehydes and ketones 7 


7° @ @ © @ @ 


Organic compounds containing the carbonyl functional group, _ _ are called carbonyl 


compounds, they may be aldehydes and ketones. 
Difference between aldehydes and ketones. 


- Functional Group | 
In_ketones the “C” atom of carbonyl group is 


In aldehydes, the “C” atom of 
carbonyl group is directly attached at bonded to two carbon atoms, and so it occurs, 
| within a chain | | 


least one H-atom 
General formula : 
The homologus series of aldehydes 
have general formula CnH2nO 
o General formula structure 
-An aldehyde may be represented, by 
the general formula structure.) 


The homologus series of ketones have general 
formula CnH2nO. | 


A ketone may be represented by the general 
formula structure . 


O 


| 
R=C=R 


Occurrence ie 2 
Aldehyde¢groups are present in most 
sugars. They are main constituents of 
a number of essential oils used- as 
fragrancesiand.flavours. 


Ketonic group is present in camphor and 
fructose. * 


: | 
CH, ~C—CH, 
Acetone 


Formaldehyde - 


i 
(ii) CH,-C-H 


Acetaldehyde 


as | ll | 
) CH, -C-CH, -CH, - 


Ethyl methyl ketone _ 
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STRUCTURE OF ALDEHYDES AND KETONES 
Carbonyl compounds 
The organic compounds which contain carbony| functional group ( y =O ) in their 
molecules are called carbonyl compounds. ' 

o Inacarbony! group, a carbon atom is bonded to oxygen with a double bond 

o The homologous series of both aldehydes and ketones have the general formula, CpHanO 

o Aldehydes and Ketones are carbony!| compounds 


sp” “hybridized 
o Due to difference in cleetronegativit between C and O, carbonyl group is polar 
Aldehydes 
o Inaldehydes, the carbonyl group is bonded to at least one Dw atom and so it occurs 
| at the end of the chain. 
o An aldehyde ¢ can be represented by the general formulgl 


Ketones 
o Inketones, the carbonyl group is bantted to two carbon atoms and so it occurs within a chain. 


o A ketone may be represented by the cD formula 


\, ®.. 


Where R aid R’ may be same or different but can never be H 
PREPARATION OF SEDEENDES AND KETONES 


Formaldehyde 
A mixture of 40% formaldehyde, 8% Salil alcohol and 52% water is known as formalin. 
Laboratory method 


By passing methanol vapours and air over 
platinised asbestos or copper or silver catalyst at 
300°C _ 


By passing methanol vapours and¢air over iron 
oxide-molybdenum Oo or silver ys at 


500° C 


_2CH30H f Opes Fone -2HCHO + 220 
© ‘Laboratory Method : Se seagate tae | . 
2CH30H ss O2 i - 300°C « =e aHICHO oa 2H20 : 


(HCO0),Ca—,>HCHO+CaCO, 
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Acetaldehyde 

> By oxidation of ethyl alcohol with 
acidified sodium dichromate 

> By dry distillation of mixture of calcium 

salt of formic acid and acetic acid 


Industrial method 


By oxidation of ethylene using palladium 
chloride catalyst with cupric chloride as 
promoter 


o Laboratory Method 
‘CH3CH20H + [0] —*229*th81_5 CH3CHO + H20 


O O 
| I 
CHy- C—O * H-C-O 

O Ca+ 0 Ca ———>,@CH;CHO# 2CaC0; 
| 7&4 i # 

* C= c=0 H-C+0 | 

~ Industrial Method PdCl+CuCl, 

2Chb=CEH + Op Ro 2CH3CHO 


Ozonolysis of Alkenes: 


Work-upp 
7 The overall transformation is: C = Cto2 C=O 
This reaction is carried out in presence ‘of ozone, O3, followed by a reducing, in the 
presence of ‘Zn, in acetic acidy the overall process is the cleaving of alkene in to two 
carbonyl compounds. If the substituents on C = C are PISSEny - they are obtained 
in the carbony| C= Mi 


Nae ——> ne. ine 
Hydration of yr 4 
Water adds on to alkynes in the presence of dil. H2SO4 and HgSOsq to, produce an 


aldehyde of ketone. Eno! forms as intermediate, which isomerizes in to aldehydes or 
ketones ¢.g. 


ya +O? \, 7 oC 


- _H,SO, . 
cH=cH fF H.—p0an 7 CH= 
Zou iE | a HgSO,°. 2. | 
aad Vinyl alcohol 
f 
aes 


Vinyl alcohol : Acetaldehyde 
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- Propyne gives acetone 


A. b+ 8- | ; 
CH;—C SCH + HOH ae CH;—C—=CH, 


We HgSO, 


| H 
CH;— 7 2 == . CH;—C—CH, 
Propene-2-o] Acetone (Propanone) 
This reaction is useful for preparing methyl ary] _ 


_ H,SO, 
@ hada HS. Oke —CH, 


(Acetophenone) 
Oxidation of Primary and Secondary Alcohols : 
Primary alcohols are oxidized to aldehydes and secondary alcohols are oxidized to 
ketones, when they are treated with oxidizing agents. Following oxidizing agents are 
used. 
Na or K dichromate solution in presence of cone. H2SQ,. (K2Cr207 or NasCeO icone. 
H2SO«) 
Example 
Primary alcohols such as butanol or Benzyb alcohols are oxidized into butanal and 


:e) 


benzaldehyde. 
CH,CH,CHCH of =H cr,cHycH.cH0 
| Butanol cial 
Non: -aqueous solvents are used)to control further oxidation of products obtained. 


Secondary alcohols are oxidizedinto ketones. 
C—CHOH -——» CH; ae 


GHyse 8s) GHG 


Friedel- Craft’s aceylation of benzene 
The substitution of an acyl group to an organic compound in the presence of AICI3 or 


some other Lewis acid. The AICl3 generate acylation ion (Blectrophile) which is 
substituted in the aromatic ring. | 
| — ACh CH,COR+ HCI 


GHAR —E—Cl 
| . Alkylaryl ketone 


O 
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REACTIONS OF ALDEHYDES AND KETONES — 
Reactivity of carbonyl group 
Reactivity of carbonyl group is Aue following reasons 
o Both carbon and oxygen are sp* hybridized Reactivity of eaTONY group is yes to the 
polarity of carbon and oxygen. 
: NSE 
~~ C=0 
25 3.5 


o Due to the presence of 1- band: it can s iaahee nucleophilic addition’ reaction. 
Ketone are less reactive as compared to aldehydes because 
o Electrophilic character of carbonyl carbon in ketones is less due to alkyl groups attached 
with carbony! carbon which are the electron donating groups 
0 Ce 


H,C—C—CH, —_— H,CarOmy ran 
° Ketones are less reactive due to steric hinderance A x 
Nucleophilic addition reaction 7 
The characteristic reactions of carbony| compafltitic # are @ fuleophilic addition reactions. 
(i) Base-Catalysed Addition Reactions 
o This reaction will take place with strong nucleophilic reagent 
o Base reacts with reagent and releases nucleophile 
_ Addition of Hydrogen Cyanide 
(i) ear t to Acetaldehyde: 


3 » 7 HH: OH 
C= O. +HCN- eNeenici, © Ne / 
H/ os ; ae Xan 
Acetaldehyde ‘eu - bs Acétaliiéhyde cane 
(ii) ecaron {a Acetone: ah oe sed 
3 7, 4 .2 SCH OH 
26 +HCN  _NaCN/HCl s ; 
CH; ‘ eae, cH,/ \cn 
Acetone 7 Acetone cyanohydrin 


| The cyano group, —-C = N is hydrolysed by an aqueous acid into: a- ey eae) carboxylic acid 
through a-hydroxy acid amide. 


OH i OH 
| ? |. 
CH3—CH—CN + 2H20 + HySOs. ————> CH3—-CH—COOH + NHsHSOs 
Acetaldehyde Gyanohydrin _ 2- '-Hydroxypropanoic acid — 
(Lactic acid) 


| Addition of Grignard Reagents 
On reacting with Grignard’s reagent 
Formaldehyde converts into primary alcohols — 


Except formaldehyde all other aldehydes convert into secondary alcohols 
o Ketones convert into tertiary alcohols 


Le] 
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Addition of Sodium Bisulphite 
All aldehydes and only methyl ketones react with sodium bisulphite give white precipitate 
(i) Addition to Formaldehyde: 
H 


\. - Hy jor 
> + NaHSO, ___, 
nH’ H’ \so.Na 
Formaldehyde Bisulphite addition product 
(ii) | Addition to Acetone: . 
Hs CH, ,OH 
C=Q + # £4xNaHSO,' _ -, 
CH,’ CH \go,Na 
Acetone Bisulphite addition product 


Bisulphite product on heating with a dilute mineral acid (HCI or HaSOs), regenerates the 


parent aldehyde or methy| ketone. 
CH, OH . 0 | 
\/ Ii bck . 
+ HCl A CH,—C—H + NaCl + /H,O + SO, 


eo 
H/’ \SO,Na 


hite addition product___ Acetaldehyde, 
NUCLEOPHILIC ADDITION REACTION MECHANISM 
General mechanism of base-catalyzed addition reactions: 


o A base-catalyzed nucleophilic addition reaction will.take place with a strong nucleophilic 


Bisul 


reagent. 
o The base reacts with the reagent and generates the asi cleoplile: 
o The addition is initiated by the attack of a nucleophile on the Ble wopniice carbon of the 


carbonyl group. 
Hoa ~ay—ON= + HOH 
! 


TERS —= Nu —_¢—o- 
, VY oe | - 
> OH = Nu—C—OH + 0H 
yy 6 Da y l | 
General mechanism of acid-catalyzed addition reaction: 
© The acid catalyzed nucleophilic addition reaction will take place with a weak nucleophilic 


-  Teagent. 
© The addition isinitiated by the proton (H*) liberated by the acid. © 
© The proton combines with the carbony! oxygen atom and increases the electrophilic character : 
of the carbonyl! carbon. 
© «As a result, the attack of the we 
eS C=O —H 


C=O + H —— 


ee nucleophile on the electrophilic carbon becomes easier. 


———»  Nu—-G—OH +H 
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CONDENSATION REACTIONS 


The reactions in which two molecules of the same or different compounds combine to form a 


new compound with or without the elimination of a small molecule like H2O or NH3 are 
called condensation reactions. 


Aldol Condensation: 


Aldehydes and ketones possessing a-hydrogen atoms react with a cold dilute solution of an 
alkali to form addition products known as aldols. 


The name aldol is given to the product because it contains both aldehyde and alcohol 
functional groups. 


Note that the name aldol condensation is reserved for the reaction that starts, with two 
identical carbonyl compounds. 


Two molecules of the same carbonyl compound condense to form an aldol. 
General reaction: 


r qe t 
! a] 
ae +H—CH—C—H _dil.N2OH , P ~ \ C= 


Ethanal Ethanal 3-Hydroxybutanal (aldol) 
Condensation of Propanal: 
t I ri T 
CH— =e + . BH—CH—C—H _GIMBRORN OH cH— CH—CH—C—H 
H CH, CH, 
Propanal Propanal 3-Hydroxybutanal-2-methylpentanal 
(aldol) 
Condensation of Propanone: 
i i fees 
CHG + HSH caer, SO eid aaa CH,—C—CH,—C— CH, 
CH, | } : CH, _ 
Propanal Propanal 4-Hydroxy-4-mcthyl-2-pentanone 
Effect of Heat on Aldol with Dilute Acid: 
OH O 
ip ao dil. HCI se 
CHACH—CH3—C—H =———— _ CH,—-CH=CH—C—H+ H,O 
3-Hydroxybutanal Crotonaldehyde 


Cannizzaro’s Reaction: (A disproportionation reaction) 
o Aldeliydesthat have no a-hydrogen atoms undergo cannizzaro’s reaction. 
{tis a disproportionation (self oxidation-reduction) reaction. 
o Two molecules of the aldehyde are involved, one molecule being converted into the 


2) 


corresponding alcohol (the reduced product) and the other into the acid in the salt form (the 
oxidized product). 

0% The reaction is carried out with 50% aqueous solution of sodium hydroxide at room 
temperature. 


>+HCHO + NaOH ——>CH30H + HCOONa > 
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Haloform Reaction: 

Compounds that give haloform reactions are: 

Only acetaldehyde (among aldehydes) 

Methyl! ketones (among ketones) 

2-alkanol as alcohol) and only ethanol (among primary alcohol) 


| | 

R—C—CH, + 3X, + 4NaOH ———>4 CHX,+RCOONa + 3NaX+ 31,0 
O | | | | 
| , 

CH—-C—H + 31, + 4NaQH ———>+ CHI, + HCOONa + 3Nal'+3H,O 

L 
R—C—CH, + 41, + 6NaOH ——> CHI, +RGOONa HSNal + 5H,0 
CH,CH,OH + 41, + 6NaOQH —S— CHI,#HCOONa +5Nal + 5H,O 


A 


Palvmeration: 
Formaldehyde 
O 
ae CI, 
sucHo «=H |: 
Oo. Oo 
Sg 
HLG:.. : 
: Metaformaldehyde (trimer) 
Acetaldehyde: , : é 


.. GH ot. Oa CH 
"sy, (CME eae earn 3 


3CH—~CHO = =——*+> 


General Reactions: ae 
“y ~~ ; + oa : 

Sa ae ae) Ne TO 

Fic Ammonia - Amino alcohol — Condensation 

or ketone derivative (unstable) proguct 

Where | | 


Ge GH,—NH,,—NHC,H,,— NHCONH,, etc. 


SS A sR ace a AS 
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Reaction with 2, 4-Dinitrophenyl hydrazine [2, 4-DNPH] | ey 
Aldehydes and ketones react with 2, 4-dinitrophenyhydrazine to form 2, 4- 
dinitropheny!hy drazones in the presence of an acid. | ‘ 


a | 
\c =O+ ane ae. (COC = N-NH-£\ 
H/ NO, H/ NO, 


NO, NO, 
Acetaldehyde 2,4-DNPH Acetaldehyde 2/4-DNPH 
a adc 
pa0+ HANNE) a c= NNO 
CH 
-_ No, NO, CH, No, NO, 
Acetone 2,4-DNPH Acetone 2,4-DNPH 


This reaction can be used for the identification of aldehydes and ketones because 2, 4- 
dinitrophenylhydrozens are usually yellow orange crystalline solids. 7 
Addition a coe } 
3 ‘, CH, “4 OC,H, 
C=O + 2C,H,OH Dry HCl \ +H,O 
H ~ 1H’ \OC.H, 
1,!-Diethoxyethane (<n acetal) 
This reaction is used to protect the aldehyde.group against alkaline oxidizing agent. 
Regeneration of aidebyee from Acetal 
: 2H, , CH, 


H,C\ /f O H 
-c +H, ——— C=O + 2C,H,0OH 
H/ \OCH, H/ 
‘Ketones do not react under,these conditions. 

CHEMISTRY OF ALDEHYDES AND KETONES BY THEIR REDUCTION TO ALCOHOLS 
Both Aldehydes and ketones‘can be reduced. Aldehydes are reduced to primary alcohols 
whereas ketones to secondary alcohols. The carbonyl group is converted into an alcohol. 
Reduction with Sodium Borohydride: 


CH3CHO'+ NaBH, + H20 —4-5 CH3CH20H + NaOH + BH3 


aw 
H—C =0 a H—CH—OH | 
Methanal Methanol 
i 
cH—C=09 —NaBH, CH,—CH, —OH 
Ethanal H,O Ethanol 
CH; . - cis 
CH,—C=0 _NaBH,, CH,—CH—OH 
H,O 
Propanone 2-Propanol 
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Catalytic Reduction: 
Aldehydes and ketones on reduction with hydrogen in the presence of a metal catalyst 
like Pd, Pt or Ni form primary and secondary alcohols respectively. Hydrogen is added 
across the carbony) group: 


| Pd, Pt or Ni 


H—C—H + H, _CH,OH 
ponnalen ie Mcthyl alcohol — 
| | 
CH—C—H+H, —&Ptr™ — cH,—CihOH 
Acetaldehyde | Ethylalcohol 

O OH 


CH,—C—CH; + H, Pd, PtorN!,’- cy, 0H —@as 
Acetone a Isopropyl alcohol 


OXIDATION REACTIONS OF ALDEHYDES AND KETONES 
Oxidation of Aldehydes: ; a 
Aldehydes are easily oxidised by mild oxidizing’ agents like Tollen’s reagent, Fehling’s 
solution and Benedict’s solution. 

o They are oxidised to carboxylic acids by strong oxidizing agents such as K2Cr207 / H2SOsz or 

~ KMnOg4 / H2SOq and dilute nitric acid. | , | 
o Thehydrogen atom attached to the carbonyl group in aldehydes is oxidised to OH group. 
This is comparatively easier to oxidize. : . | 
o Hence, can be oxidized by mild oxidizing agents. 
: | : | 
eee ww K,CrOSHSO, oy CoH 
Acetaldehyde 
The carboxylic acid has the same num 
aldehyde. ” 7 . 


Oxidation of Ketones: " ee : 
Ketones do not¢undergo oxidation easily because they require breaking of strong carbon- — 


i ith mi idizing agents. They are only oxidized by 
carbon bond.<They/givemo reaction with mild ox! ) 
strong oxidizingagents such as K2Cr207 / H28Oa, KMnO4/H2S04 and cone. HNO3. 


For symmetrical ketones — 


llieead 


Acetone 


Acetic acid, / 
ber of carbon atoms as are present in the parent 


K,CHOIHSO, cy, —C—Olt + HCOOH 


Acetic acid 


For unsymmetrical ketones » ) f ee 
| | i, K,Cr,0,/H:S9. CH, _¢—OH Bed ©! 3 agg Cees OH 
Cll, --C t CH, Cit 3 [ol | _ Acetic acid | 


Butanone 
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Identification of carbonyl compounds 


Type of reactions / 
: seita Ls Aldchydes ‘clones 
Reagents kK : 


Reduction Primary alcohols Secondary alcohals 


Oxidation Carboxylic acid containing same Carboxylic acid cofittiming 
* « : a 
number of carbon atoms smaller number 6f Carben atom s 


Reaction with Silver(Ag) mi a 
er(Ag ) : er ; 
Tollent’s reagent g) mirror Don't givegiiver mine 


ae 


lg 


Reaction with 
Fehling’s solution Brick red ppt. of Cu20 


solution 


Rection with 


- a They don’t reduce the 
Benedict's solution n Brick red precipitate of Cu20 


Benedict's solution 


| Polymerization Polymerize readily Don’t polymerize 
Reaction with alcohol | Acetal formation Don’t react 


| 
— | 
Reaction with sodium |. _, Wine red or orange red | 
; Don’t react ; 
nitroprusside coloration | 
COMPARISON 
Reagent | Aldehyde | Ketone | Type of reaction Products 


HCN |v 4 v 4 \Nucleophilic addition | Cyanohydrin | 

tiemtmas—| JL is Bisulphite adducts 

/ Hydrazones | 
| 


v 
y 
Y 
v 


2.4-DNPH : Condensation 2,4-DNP hydrazone 
| Cu20 (Cuprous 
Fehling solution test x Redox 


oxide) 
sautueunnenarmnaieinnpagnemnenieneninnarnnnnmssnnmae 


Tollen’s reagent * Redox — - | Ag (Silver) 


Benedict’s solution x Redox we ie) — 
test saenees 
| Wine red or orange 
¥ Redox red coloration 


172 


Sodium nitroprusside 
test 
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2,4 DNPH test: 


cH CH, . 
.  s 
Ne =O+ H.NNH{\ ae ee ou 
H No, H/ Xo 
NO, NO, 
Acetaldehyde 2,4-DNPH Acetaldehyde 2,4-DNPH 


_ Aldehydes and ketones form a yellow or red precipitate with 2,4 dinitrophenylhdrazine 


solution. 
Sodium Bisulphite Test: ; 
ca | CHy OH 
x =O + NaHSO, —___ .— ‘@ 
. __H/»*so,Na 


Aldehyde and small methyl ketones form. a crystalline white precipitate with sodium 
bisulphite solution. | - 
Tollen’s Test [Silver Mirror Test]: > 
AgNO3 + 3NH4 OH ———» [Ag(NH3)2] OH + NH4NO3 + 2H20 
R- CHO+2[Ag (NH3)2] OH ——> R-COONH4 + 2Ag + 2NH3 + E20 


Silver mirror 


Fehling’s Solution Test [an alkaline solution containing a cupric tartrate complex ion]: 


- R-CHO + 2Cu(OH)2 + NaOH ———> R-COONa + Cu20 + 2H20 


Brick red ppts. 


Benedict’s Solution Test [an alkaline solution containing a cupric citrate complex ion:] 


RGHO #2Cu (OF): + NaOH ———— RCOONa + Cu20 + 3H20 
. | | Brick red ppt 
Sodium Nitropusside Test: | 
dding alkaline sodium 


Ketones produce a wine red or orange red colour on a 


nitroprusside solution dropwise. 
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COURSE CONTENTS. 


Classification 

Physical properties 
Preparations of carboxylic acids 
Reactivity 


Chemistry of carboxylic acids by conversion to carboxylic acids derivatives acy! halides, 


acids anhydrides, esters, amides and reactions involving interconversion of these. 
8 Acidic strength | 


3 SSE Le: 


= INTRODUCTION. 8 


Carboxylic acids 7 
Organic compounds containing -COOH as a functional group are called carboxylic acids 
(carb from carbonyl and oxyl from hydroxyl). 

Their general formula is R-COOH or CyH2,0> 

The boiling points of carboxylic acids are relatively high due to intermolecular hydrogen bonding 
The most common carboxylic acid is acetic acid _ 


Acetic acid has strong vinegar like odour andsour taste 
Nomenclature 


Structural Formula Common Name 


0000 


IUPAC Name 
Formic acid Methanoic acid 
Acetic acid Ethanoic acid _ 

—_ Propionic acid Propanoic acid 
Butyric acid Butanoic acid 


CH3-CHCOOH 


| lso-butyric acid 2-Methylpropanoic acid 


CLASSIFICATION OF CARBOXYLIC ACIDS 


© Depending upon theigroup (R or Ar) attached to the Carboxylic group, 
classified as: | 


© Aliphatic carboxyli¢ acids: Carbox 
attached to a hydrogen or an alkyl g 


acids are 


ylic acids in which carboxylic group (-COOH) is : 
roup are called aliphatic carboxylic acids, 


Example: - 
(yf ae 
O O 
l : | LF * 
H—C—OH or R—C-—OH 
Formic acid | 
O O 
| I 
CH3—C—OH 


CH3—CH2—C—OH 


Ethanoic acid Propanoic acid 
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o Aromatic carboxylic acids; Carboxylic acids in which carboxyl group (COOH) is 
attached with an aryl group is called an aromatic carboxylic acid, | 
Example: 


(ii) 


“OOH COOH 
J COOH 


a ton (OJ 


Aromatic carboxylic acidenzoic acid Phihalic acid 
Depending upon the number of carboxyl groups in an acid, they are Classified as: 

o Monocarboxylic acids: Carboxylic acids containing only one carboxylic group are 
called monocarboxylic acids. | 


O vr 


Examples: “OOH 
O 
| | 
H—C—OH CH3—C—OH 
Formic acid Acetic acid Benzolc acid 


o Dicarboxylic acids: Carboxylic acids containing two carboxylic groups are called 
dicarboxylic acids. ) 


Examples: | ; 
ac | CH: —-CN ie 
COOH CH2--COOH _ CH—COOH 

Oxalic acid succinic acid maleic acid 
COOH : COOH 

| > COOH 
CH2 | 

| 
COOH wd 

o Polycarboxylic acids: Carboxylic acids containing more than two carboxylic groups 


: olycarboxylic acids. 
_ are called poly y id 4, -coon 


it 


| 
CH2—COOH ss 
Citric acid , . | 


acids 


Methanoic acid 


Ethanoic acid 


CH 


Iso butyric acid = Ch COOr 2-Methy|propanoic acid 


KETS - PREP BOOK © 


Carboxylic Acids, 


PHYSICAL PROPERTIES OF CARBOXYLIC ACIDS 
C; to Cs have pungent smell and C4 to Cs have unpleasant smell. 
Ci to C4 are very soluble in water due to hydrogen bonding. The solubility in water 
decreases with the increase in molecular mass. 
The boiling points of carboxylic acids are relatively high due to intermolecular hydrogen 
bonding. 

HCOOH < CH3COOH < C2HsCOOH 

373K (100°C) 391K (1 18°C) A424K(141°C) 
The melting points of carboxylic acids increase irregularly with molecular mass. The 
melting points of carboxylic acids containing even number of carbon atom are higher 
than the next lower and higher odd members. 
CH3CH2COOH < CH3CH2CH2COOH > CH;CH»CHSCH,COOH 

251K (—22°C) 267K (-6°C) 237K (436°C) 

The molecular mass determination in non-polar solvents like benzene shows that 
carboxylic acids exist as cyclic dimer 


fy) 
poH-0y 
R—C 
\o—f.- 84 


Dimer of a carboxylic acid 
The pure acetic acid freezes to an ice like solid\at 17°C, therefore, it is called glacial 
acetic acid 
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Following methods are used to prepare carboxylic acids. 
Carbonation of Grignard reagent 


R—Mg—X+ CO, ge -> Rae O -O MgX—!22_» —a3—» R - COOH + Mg(OH)X 
Hydrolysis of nitriles 
Organic compounds having eyanide group are called nitriles. Hydrolysis of an alkyl 
nitrile on boiling with mineral acid or alkalis yields carboxylic acids. 


R-CN+2H ,0—**+ R —COOH + NH, | 
H.C N+2H,0——> : ——+CH,COOH + NH, 
Acetic acid 


Oxidation of primary alcohols 
R—CH,~OH + [0] So R -CHO—735-- > R- COOH 


H,SO, 
Alcohol Aldehyde 


Oxidation of aldehydes 
R —CHO 22 -» R -COOH 


H,SO, 


Aldehyde 


_ Oxidation of alkyl benzene 


CH, p * COOH 
, + [0] ed + H,O 
HSO, : 


Toluene Benzoic acid 
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o The carboxyl group shows the chemistry of both the carbonyl C= =O) and the 
hydroxyl (—OH) groups. . 

o Inmost reactions, the carboxyl group is retained. 

o However, the reactivity of these molecules is due to the presence of carbonyl group. 


REACTIONS OF CARBOXYLIC AGID 


Carboxylic acids undergo the following types of reactions. 
-o. The reaction in which hydrogen atom of the carboxyl group is involved (salt formation). 


o The reaction in which .OH group is | 
CRITICAL CONCEPT! 


replaced by another group. 
o The reactions involving carboxyl group as : 

Carboxylic acids are weaker acids than 
mineral acids. They furnish H+ when 


a whole. 
dissolved injwater. — 
O 


THE REACTION IN WHICH HYDROGEN 
ATOM OF THE CARBOXYL GROUP IS 
INVOLVED (SALT FORMATION). _ 

o It is an electrophilic substitution reaction. 

o Inthis reaction hydrogen atom of the 

_ carboxyl group Is involved. 

o Carboxylic acid reacts with active metals 
(Na, K, Ca, Mg etc.) to form their salts with 
the evolution of hydrogen gas. 
2RCOOH + 2Na——>2RCOO Na* + H} 

o Carboxylic acid reacts with bases(NaOH, KOH) to form salts 

RCOOH + NaOH ——> RCOONa + H,O 

Carboxylic acid reacts with carbonates and bicarbonates evolving carbon dioxide gas 

with effervescence. 

2RCOOH+ Na,CO, —>2RCOO Na* + CO,+ H,O 
: RCOOH + NaHCO, —>RCOO'Na*+ CO,+ H,O 
THE REACTION IN WHICH OH GROUP IS REPLACED BY ANOTHER GROUP. 


(I) ESTERIFICATION 
o It is nucleophilic substitutio 
In this reaction OH group of car 
o Esterification is reversible and acid catalyzed reaction. 
RCOO-H + R-OH= ts RCOO - R+ H,O 
Carboxylic acid Alcohol Ester 
CH, COOH. + C,H ,;OH =— CH, COOC,H-+ H,0 


Ethylethonate 
Flavour 


avors. 

Raspberry 
Pine apple 
Orange 


I > uo | Cy, 
R—C—Q—H=R-—C—O+H 


Carboxylate ion — Proton 


In the presence of water (H2O), the 
proton breaks away as H30* ion. 


n reaction of carboxylic acid 
boxyl group is replaced by alkoxide group of alcohol. 


oO 


Ethanoic acid eaisital 


of Esters have fruity smell and are used as artificial fl 


Isobuty! formate 
Ethy! butyrate 
Octyl acetate 


Banana 
Jasmine 
Apricot 


Amy] acetate 
Benzyl acetate 
Amy] butyrate 


177 


KETS - PREP BOOK 


Topic-18 Carboxylic Acids 


| CRITICAL THINKING er PTE 


Q.1. Which once is the strongest acid 
A. HCl C. Acetic acid 


‘B. Phenol D. Ethanol 


(II) ACID CHLORIDE FORMATION (ACYL CHLORIDE) 
o Inthis reaction OH group of carboxyl group is replaced by halo group (—X). 
© This is nucleophilic substitution reaction. ; 
o Phosphorus pentachloride (PCls) and thionyl chloride (SOCl2) on reaction\with ethanoic 


acid give acetyl chloride (ethanoy! chloride) | 
CH,COOH + PCI, ——>CH,COCI + POCI, ‘+ HCl 


CH,COOH + SOCI, —[a > CH; COCI+ SO, + HCI 


(iii) Amide formation 
o It is nucleophilic substitution reaction. . 
In this reaction, OH group of carboxyl group is replaced by amino group (—NH2). 
o Ethanoic acid reacts with ammonia to form ammonium acetate (intermediate) which on 


heating produce acetamide. » 
RCOOH+NH,—— RCOONH, 


‘e] 


RCOONH, &{## 5 ROONH,+H,O 


ZiLS°C 
REACTION INVOLVING COOH Ca AS A WHOLE 


Reduction to Alcohols: 
o Carboxylic acids are reduced to primary alcohols carboxylic acids are less reactive to 


reduction by hydride than aldehydes, ketones or esters. 
o Due to their low reactivity, carboxylic acids can only be reduced by LiAIHg and not 
by less reactive NaBH. 


Example: 
Acetic acid on reaction with Lithium aluminium hiydride (LiAIH4) is reduced to ethanol 


(a primary alcohol). 
O 


| 
R=C—OH +4[H] Alls _ RCH20H + H20 


ethoxyethane 


| 
‘CH;—C= OH + 4[H] —““— CHyCHOH + H20 


ethoxyethane 


Acetic acid , Ethanol 
Complete Hydrogenation (Reduction to alkanes) 
Carboxylic acids on reduction with HI and red phosphorous give alkanes. 


oO. 
' 7 | | 
ACH, - C-OH+ 6H —S PSPS’ 5 CH3— CH3 + 2H20 + 32 


acetic acid | ethane 
In this reaction, -COOH group is reduced to a —CH3 group. 
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Decarboxylation 

o Loss of carbon dioxide ts called decarboxylation. 

o Simple carboxylic acids rarely undergo decarboxylation. 

(i) When sodium salt of carboxylic acid is strongly heated with soda lime 

(NaOH + CaQ), and alkane is formed, 

o The alkane formed contains one carbon less than original carboxylic acid 
O 
| 


4 


R—-C—ONa + NaOH —S%2-5 R-H + Na2CO3 
O 
a ke 
CH3-C— ONa + NaOH —> CH; + Na2CO; 
(ii) Dry distillation of calcium slat of carboxylic acids gives aldehydes op ketone. 


—licai_, y a D 2CaCO, 


£ Acctaldchyde 
(Ethanal) 


ind 


Calclum formate Calclum acetate 
(Calcium methanoate) (Calcium ecthanoate) 


— cat Sy A O * CaCO, 
Acetone 
(Prepanonce) 


Calcium ucetate 
Calcium cthanoate 


REACTIONS OF CARBON) LIC ACID DERIVATIVES 
A. REACTIONS OF ACYL HALIDES (ACID HALIDE) 
Acid halides are derivatives of carboxylic caid in which (-OH) hydroxy! group has been 
replaced by a halogen atom, 


Reactions: . 
Reaction of Acid halide with water (Hydrolysis of Acid halide) " : 
Acid chlorides réact with water, often violently, to give the corresponding carboxylic 


acids and hydrogen chloride. . 0 
R _t—ci + H,O—-R—C—OH + HCI 
Acid Chloride Carboxylic Acid 
c acid. 


Reactionof.Acid halide with carboxyli 


i j is Wi lic acid, aci dride is formed. 
When Acid halide reacts with carbox) lic acid, acid anhy ir 


i é | 

R _t-cl +R bon -pet Re o- et HCl 
jd chloride Carboxylic acid Acid anhydrase 
pcr pe tion of ester) 


Reaction of Acid halide with alcohol (Forma 

When acid halide reacts with alcohol in presence 

formed. ‘ 9 
Ester 


of conc. H2SQ4 as & catalyst, ester |S 


| 
R _é-¢1 + R'— OH 
Acid chloride Aleohal 
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Reaction of acid halide with ammonia. (Formation of amide) 
When acid halides are treated with ammonia, they form amides. 


| | 5 
R—C—Cl + 2NH, R—C—NH, + NH, Cl 
Acid chloride Acid amide 


B. REACTIONS OF ACID ANHYDRIDES 
Hydrolysis (Reaction with water) 


Acid anhydrides are hydrolyzed under acidic or basic conditions to form the parent acid. 


cH—C_o—b—cuy H,O = 2CH,COOH 
Acetic anhydride Acetic acid 
C. REACTIONS OF ESTERS 
Hydrolysis of Esters 


Esters can be hydrolyzed to acid and alcohol under acidic6r baSic conditions. Basic 


hydrolysis of esters is known as saponification because“it leads to the formation of alkali 
salt of carboxylic acids which is soap. 
O 


| H,0* ] 
CH,—C—OC,H, ——+CH,—G—OH+ C,H,OH 


Ethyl acetate Acelie acid Ethanol 


! NaOH ! 
CH,—C—OC,H, == CH—C—ONa+ C,H,OH 


Ethyl acetate Sodium acetate Ethanol 
D. REACTIONS OF AMIDES 
_. Hydrolysis of amides 


Amides are hydrolyzed when heated with a strong acid or a base and yield carboxylic 
acids and ammonia (or amines). 


I> Se 
R—C—NH-=—+R—C—OH +NH, 


EK. REACTION OF NITRILES 
Hydrolysis of Nitriles 


Nitriles, Ri— C,20N, ‘ean be hydrolyzed to carboxylic acids, RCQ»H via the amide, 


RCONHg intermediate in the presence of strong acid (e.g. H2SOs)or strong base (e.g. 
NaOH)? heat. - 


— | 
R—C—=N-#2->-R—C— NH, 

) i O 
Re —NH-#2—-R-¢_on 


Order of reactivity of carboxylic acid derivative 
Acid halide > Acid anhydride > Ester > Acid amide 
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ACIDIC STRENGTH 
Carboxylic acids are the most acidic simple organic compounds. (pKa &$) but as compared with 
acids like HCI or HoSOa, they are weak acids, 


Formula 
| Ethanoic acid : | | oe CH,COOH - a 4.7 
[Propanoic acid ___CHsCH:COOH | 4.9 
‘Fluorocthanoic acid | CH2FCOOH 26 : 
“Chloroethanoic acid 7 ~— CH»CICOOH TT 379 Vw | 
| Dich lorocthanoic acid ~~ CHChCOOH = [| £493 -_— Ww 
“Frichlorocthanoic acid CClhCOOH | 0.9 ¢ | 


| Nitroethanoic acid | O2NCH2COOH | 1.7 


~ 9 Flectron withdrawing group (Cl, F, NO2) bonded to the carbon atom next to the 
carboxylic group (COOH) make the acid stronger. Due to electromyithdrawing group 
electron will move away from oxygen. Hence decreases‘eharge density on oxygen atom 
of carboxylate ion which stabilizes the -COO’ group and makes itless likely to bond with 
an H” ion, 

For example, chloroacetic acid is 100 times stronger acid than acetic acid. 

Electron donating group (alkyl) strengthens the O-H bond dn the acid’s -COOH group. It 
donates negative charge towards the -COQ” group of the carboxylate ion, making it more 
likely to accept an H* ion, hence acidic strength decreases. 

o For example, formic acid is more acidie than acetic acid. 

acid is measured by pKa values. Greater the value of pKa weaker will be 


Strength of an 
the acid and vice versa. 


NOTE? Order of strength of halo substituted acid: 
F-~CH»—-COOH > Ql>Cihp ~COOH> Br-CH2-COOH > CH;-COOH 


© In each of the carboxylic acids, the -OH group is attached to a carbonyl C=O group, 


which is in turn bonded to other atoms. | 
© The comparison we observe here is between carboxylic acid molecules, denoted yey 
and other organic molecules eontaining the ed as (Ris 
simply an atom ongroupfatoms attached to the 
© The former are obviously acids whereas the 
generally extremely, weak acids. 
Comparison of acidic strengths: 


—OH group, such as alcohols denot 


functional group). . 
latter group contains molecules which are 


© One interesting comparison is for the acid and alcohol when Wy is pheamtare” is), 
benzoic acid (CoHsCOOH), has pKa = 4.2, whereas phenol (Colts ) senha ss jr _OH 

© Thus, the presence of the doubly bonded oxygen atom on the carbon is f ; , . OH oa 4. 
cleafly increases the acidity of the molecule, and thus increases ionization © 


® Acidic strength order is 


Carboxylic acid > Phenol > Water > Alcohol 
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COURSE CONTENTS 
° Classification and structure-function relationship of proteins 
° Role of various proteins in maintaining body functions and their nutritional importance. 
e Role of enzymes as biocatalysts. 


foo SSN Sen Re INTRODUCTION eee «8s = ae oe 
Macromolecule | 
A giant molecule which is often a polymer is called macromolecule. 
Polymer | 
A large molecule built up by the repetition of small and simple chemical units is called polymer. 
Monomer 


cial unit or ne noe from which a macromolecule i is formed i is ealel monomers. 


- STRUCTURE OF PROTEINS 20 00 
e The name > proteiit iS siderived from the Greek word ‘PROTEIOS’ meaning of prime ie importance, 

Proteins are polymer of amino acids. 

e Proteins upon complete hydrolysis vig amino acids. 

__Types of proteins | 
Particular |. Simple protein =| Conjugated protein} - Derived protein 
Coiitains amino acids and 
substances derived from simple 
conjugated protein 


4 x q ee Peptones, Oligopeptides, 
Globulins, albya@pns, Lip d ade Enzyme, Proteoses, Polypeptides 
Collagens | » | Phesphoproteins | 


STRUCTURE OF PROTEINS = 
... The structure of a protein depends upon the spatial arrangement of polypeptide chains 
present in proteins./Since three spatial arrangements are possible: ‘proteins have the 
following four structures. 
(i) Primary structure 
(ii)pSecondary structure 
(iii) Tertiary Structure 
(iv) Quaternary structure 
(i) The Primary structure of pr oteins 
The sequence of amino.acids in peptide chain is called primary structure, Amino acids 
are linked with one another though peptide bond, T he arrangement of these acids is called 
primary structure. 

_{ii) The secondary structure of protein | 
Peptide chains may acquire spiral shape or may be present in a zig-zag manner. This 
coiling or ‘Zig-zagging of polypeptide is called secondary structure of protein. It is due to 
H- bond. : 


Gives amino acid | 
and prosthetic group 


Gives only amino 
acid or its derivatives 


Definition 


Exam ples 
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(iii) The tertiary structure of proteins ~. 4 
Twisting or folding of polypeptide chains represents tertiary structure of proteins. 
(iv) Quaternary Proteins — 
Quaternary means four. This is the 
fourth phase in the creation of a 
protein. Quaternary protein is the 
arrangement of multiple folded protein 
or coiling protein molecules in a 
multi-subunit complex. A variety of 
bonding interactions ~ including | y 
hydrogen bonding, salt bridges, and Pleated Sheet 
disulfide bonds hold the various chains oy 
into a particular geometry. 
Properties of proteins 
Proteins are one of the four major 
groups of macromolecules that . are 
found in all living organisms. These 
giant molecules carry out many of the 
vital functions needed by cells. 
o Proteins are involved in such 
processes as food digestion, cell 
Structure, catalysis, movement, 
energy manipulation and much = 
more. — Pes 
Oo They . are complex — huge e 
__ associations of molecular subunits 4 _ at 
-. that appear impossibly dif iTieult Lo a 
-. understand. | 
© They are all built using the same 
construction principle. As with all 
macromolecules; proteins are | 
polymers, composed of smaller SuOUNIES: the amino acids joined tOBEUIET. in long 
chains, — 
oO There ate’ about 20-22 « common amino found in most proteins. All but one of these 
small molecules has the same common structure, but varies in the nature of one 
-chemitalgroup termed the “R- group”. Amino acids are Jones pee in long chains 


f 


Secondary protem structure 


Pleated sheet” 


> Alphahelix ~ 
Tertiary protein: structure 


= pea protein structure ; 


called “polypeptides”. 


Importanceof proteins ; 
Following are the features of the protein cohich are considered to be very iniportant, 


© Proteins play an important role in the formation. of een Protoplasm is the: 


essence of all form of life. 
© Nucleoproteins are complex proteins and act as the carrier of heredity from. one 


eneration to the other. 
ee oe are the biological catalyst and they are also prOrel Without enzymes life 


is not possible. 
. Hemoglobin t is a protein, it acts as carrier of oxygen. : 
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ee 
o Some of the proteins act as hormones. They carry out the regulatory function of this 
body. | . . . . . . 
o Proteins have great importance in industry. The tanning of hides is an industrial 
process. This process is the precipitation of protein by tannic acid. 
© Gelatin is obtained by heating bones, skins and tendons in water. It is used in 
bakery goods. . | 
o Casein is another protein used in the manufacture of buttons and buékles. 
ie) 


Proteins obtained from the soybean are used for the manufacture of plastics. 
Denaturation of proteins 


Denaturation of proteins can be done by: 


Oo Heat: albumin of egg white changes into solid 
© Change in pH: each enzyme has its own particular pH for action 
O 


Oxidizing or reducing conditions 


Enzymes , 
Enzymes are biocatalysts which alter the speed of metabolic activities in the living 
bodies. Enzymes are complex protein moleculés which“are quite specific in action and 
sensitive to temperature and pH: 

Meanings of Enzymes 


Greek word En means in and Zyme means yeast, 
Role of enzymes as a biocatalyst 


22 ENZYMES AS A BIOCATALYSL. — 


Metabolism: ake is 
Metabolism is the set of biochemical teactions that occur in liviig organisms in order to 
maintain to life. 

It is of two types 

Anabolism | | 

Anabolism includes the‘biochemic4] reactions in which larger molecules are syrithesized 
and it is usually endothermic. 

Catabolism 

Catabolism includes the biochemical reactions in which larger molecules are broken 
down and it is Usually exothermic. ahs ; 
Biocatalyst , 


Enzymes are crucial to metabolism because they act as biocatal 
metabolic pathways. Enzymes are proteins th 


reactions and arenot changed during the reactior 
Substrates and Products 


The.molecules at which enzymes act a 
into different molecules, called product 


ysts up speed and regulate 


at catalyze (i.e speed up) biochemical 
1. 


re called substrates, and enzym 
S. 


E+S — E-S complex > E+p 


€ converts“them 


Lock and key model 


In 1894, German chemist, Emil Fischer proposed lock and key model. 
According to this model, 


both enzyme and substrate possess specific 
exactly into one another. | . 


shapes that fit 
This model explains enzyme specifically. 
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Products 


Substrate 


Ly Bap 


e3peene5 


Enzymé-substratc 
complex 


Induced Fit Model | | 
In 1958 an American biologist Daniel Substrate “Active site changes 
Koshland suggested a modifications to lock 7 its shape 


and key model and proposed induced-fit ene: 
model. px ae ag Enzyme- 
ind) _ ha complex 


According to this model active site is nota 
rigid structure rather is moulded into the o—/ 
required shape to perform its function. one 
“Induced fit model” is more acceptable t 


Factors affecting enzyme activity Yo 
Enzymes are very sensitive to the environment in which they work. Any factor that can 


change the chemistry or shape of enzyme molecule, can affect its activity. 
roe y. 


Temperature 

Increase in temperature spee 
point. Every enzyme works¢at its maximum 
optimum temperature for that enzyme. 
Examples: | 

o For most animal enzymes, optimum temp 
o Some plants enzymes sucinas urease has 0 


~ ‘ Enzyme 
han “lock and key model” of enzyme action. 


ds_up the rate of enzyme ‘catalyzed reactions, but only to a 
rate at a specific temperature called as the 


erature is around body temperature (37 OF 
ptimum temperature even up to 60 °C. | 


Graphical explanation: : = 
If ae plot a oul between temperature and rate or velocity of enzymatic reaction we get 
the curve asshown. Ope mum 


temperature _ 


Enzyme 


Enzyme gains » 
denaturation 


kinetic energy 


Rate of enzyme catalyzed reaction. 


10 20 30 40 50 60 
Temperature (°C) 
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Substrate concentration 


Increase in substrate concentration, increases the rate of reaction. 

If enzyme concentration is kept constant and amount of substrate in increased then rate is 
increased up to a limit because of the active sites of all enzymes are occupied (at high 

substrate concentration). 

More substrate molecules do not find free active site. This state is called saturation 

active site and reaction rate does not increase. 


Saturation of 


All Active sites active sites 


not occupied 


_ Rate of enzyme catalyzed reactio 


pH . 
~-Optimum pH: . 
All enzymes work at their maximum rate at.narrow range of pH, called as the optimum 
pH. A slight change in this pH Causes retardation in enzyme activity or blocks it 
completely. Every, enzyme has its specific optimum pH value. For example, pepsin 
(working in stomach) is active in acidic. medium (pH=2) while trypsin (working in small : 
intestine) shows its activity in alkaline medium (pH = 8-9), 


Inhibition of Enzyme ss | i at 

A molecule that binds with an enzyme and decreases its activity is known 
‘inhibitor. Inhibition can be reversible or irreversible according to the type of 
formed between the inhibitor and the enzyme. 

i | : Types of Inhibitors 


as enzyme 
interaction 


_ Ifreversible inhibitors 
When the inhibitors react and form strong 
| covalent. bonds. with, the active sites of the 
enzyme, it is calleddrrevetsible inhibition. It is 
Stable and irreversible.» } 


The inhibition in’ which the activity of an 
enzyme is restored is called reversible 
Inhibition. There are two types of reversible 


inhibition. 


. 


Competitive inhibition Pied 

A competitive inhibitor.resembles the substrate. It can bind to the enzyme in the same way that 
the substrate does. When present in the active site the inhibitor prevents the normal substrate 
from binding. The effect of inhibitor is overcome. by decreasing the concentration of normal 
substrate, ea “a mY | 

| Non —competitive inhibition cena : tae 

A non-competitive inhibitor also reduces enzyme activity. The inhibitor usually binds at a 
separate binding site. It does not bind at the active site. When inhibitor binds at the second site 
(non-active site), it changes the shape of enzyme so that the shape of active site is changed and 
substrate can no longer bond to the active site, : 7 | 
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Industrial application of enzyme 
Enzymes are extensivel ‘used | in different industries for fast cleus reactions. For example; 


Industrial 


Explanation a 
applications Sheek 


Enzymes that break starch i into sim 
bread, buns etc, 


Food industry ple Sugars are used in the produaia. of white 


eaanes break starch and proteins. The products are. used by yeast for . 
fermentation (to produce alcohol). 


Brewing Industry 
Paper Industry 
Protease enzymes are used for the removal of | protein étains from clothes. 


Biological detergent | Amylase enzymes are used j in dish wage to remove resistant starch - 
residues. ; 


Dairy Industry Lipase enzymes are implemented during. the production of pea 


Amylase, amyloglucosideasé and Glticoamylase enzymes are used to 
convert starch into glucose and Vv various syrups. 


Enzymes break starch to lower its viscosity that aids in making paper. 


Starch Industry 


| Cellulase enzymes aré used to break down cellulose into sugars that can be 
fermented. nee 


Biofuel industry 


Contact Lense | 


Protease enzymes are e ued to remove S proteiti on contact lens to prevent - 
Cleaners 


infections. 4 


. - mes are Pised to generate oxygen from. oxide to convert 
Rubber indus try Catalase enzy g | yg p 


latex into foam rubber. 


Photographic 


Protease (Fiein) enzymes are applied to dissolve gelatin off eee fi Im, 
industry 


allowing recovery of its silver content. 


Restriction enzyme, DNA Ligase and polymerase enzymés are used to 
manipulate DNA in genetic engineering. More importantly i in 
pharmacology, apriculirs and medicine. It is also i aepoeanes in forensic 


science. 


Molecular biology 
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